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WELCOME SPEECH

G. Rossi

Department of Audiology, Turin University, Turin, Italy

Dear friends and colleagues, ladies and gentlemen,

Somewhat more than eight years ago - at 6 p.m. o'clock on 10th

Ju.e 1975, to be precise - I brought to a close in this city, but at

another place, the international congress on "Man and Noise". On that

occasion, I said:

"Tomorrow we shall return to our own lives, and our own work. I hope

that the memory of these four days, and of this beautiful,industrious

city, will never fade, and that it may inspire in each of us the

certainty that there is even now the will to face up to definite

practical problems, and solve them in the light of our current scien-

tific knowledge, without in any way lapsing into idle, purposeless

demagoguery. All this may occur through the transposition onto the

practical plane of theoretical notions, and this in turn should give

rise to undeniable benefits for our society. Yet it has as'its ines-

capable corollary the need to compare, at a given moment, the progress

achieved in the meantime. When shall we be able to do this ? Today I

cannot say, but I am sure we shall do so in a few years' time".

God willing, then, the hope expressed eight years ago is about to m

tcriahc. Turin is once again playing the host to leading men and women

3



of science from all over the world, gathered together in this mag-

nificent setting placed at their disposal by the Turin City Council

and the International Labour Office, for an examination and a discussion

of the state of the art with regard to man's struggle against one of the

modern world's greatest and most insidious pollutants: noise.

Each aspect of this many-faceted question will be investigated in these

coming days, as was done at the previous congresses held by the Inter-

national Commission on the Biological Effects of Noise in Washington

in 1968, and at Dubrovnik and Freiburg in 1973 and 1978. I feel sure

that the fruits to be garnered from the work of this Congress will not

disappoint our hopes nor our expectations.

The organisation of an international meeting of such a compass was

bound to be neither simple nor easy. I have never had any illusions on

that score. Yet the eagerness and generosity with which both public and

private, national and international bodies and organisations have met

my needs have enabled all the obstacles encountered in these years to

be overcome.

These bodies and these organisations have been thanked individually

on the congress programme. Allow me, then, on this occasion,to mention

none of them by name, but to renew the expression of the full recog-

nition of their contribution felt by the organising committee, and its

president in particular.

It is on behalf of the committee, then, that I wish to proffer a

cordial and affectionate welcome to all those attending this congress,

with the hope that their stay in this city of ours may add to their

store of pleasant memories.

Special problems engendered by noise pollution in the fields of acoustic

physics, biology, psychology, engineering, and economy will find on

the programme the ample space that becomes their importance and their

worth. I am referring in particular to subjects of a medical and bio-

logical nature, which seem at last to have finally found their proper
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place in a field that has hitherto been primarily approached from the

physical and technical standpoint.

The complexity of many of the problems to be dealt with in these next

few days will mean that no final solution can be expected. The path of

progress, however, is a series of episodes, some of them victories,

others disappointing defeats. What counts is the will to pursue the

course embarked upon with absolute conscientiousness and an equally

deep degree of humility, but above all with the determination not to

hanker after the impossible, even though what is impossible today may

- perhaps as early as tomorrow - take shape as a new and vibrant

reality.
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PREFACE TO THE FOURTH INTERNATIONAL CONGRESS ON NOISE AS A

PUBLIC HEALTH PROBLEM

Tobias, J. V.
Chairman, international Commission on Biological Effects of
Noise

Naval Submarine Medical Research Laboratory, Groton,
Connecticut, United States of America

My speech today serves as a preface to the Congress: I

want to talk with you about the form and the content of the

meetings.

But first, on behalf of the International Commission on

Biological Effects of Noise, let me greet you on the occasion

of the Fourth International Congress on Noise as a Public

Health Problem. Welcome to our honored and distinguished

guests. Welcome to the participants in this Congress.

Welcome to you all. Thank you for being here with us. Your

presence makes the Congress important.

We offer special thanks to the Italian Government, to the

Piedmont Region, to the City of Turin, and to the University

of Turin for their patronage, for their assistance in making

this meeting possible, and for having given us such a

beautiful City and such a beautiful Region and such a

beautiful Country in which to meet. It is a privilege and a

joy to be here.

7
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The program this week is organized around the eight

working groups that define the ICBEN and its interests. Each

of these eight International Noise Teams is composed of

approximately ten scientists who are renowned for their

expertise in the area in which that Team works. Normally, no

more than two members of a Team have the same nationality, so

the groups are truly international in their membership as well

as in their viewpoints.

During the next few days, you will hear some of the

results of the work that the Noise Teams do, and you will meet

most of the chairmen and cochairmen. In the meantime, here is

a preview of the Congress.

The ICBEN believes that research workers and the people

who use the results of research have too little opportunity to

confer with each other. Yet even when research providers and

research consumers do meet, they often discover that they have

trouble understanding each other's needs. One purpose of

these Congresses is to foster communication among the organi-

zations that find noise a potential problem, the decision

makers who regulate workplace noise and environmental noise,

and the scientists upon whose work the regulations and the

solutions to the noise problems need to be based. We are

dedicated not only to learning all we can about the public

health problems associated with noise but also to exchanging

knowledge with people in industrial and governmental work--

people with whom we ought to cooperate symbiotically.

In order to set the tone for the Congress and in order

to facilitate our listening to and understanding one another,



an introductory 6ession has been organized for this afternoon;

in it, national and international organizations can share in-

formation about their agencies' needs with research workers

who are likely to be able to help to provide answers. Follow-

ing that session, we will begin to consider new and recent

research on noise effects.

Tomorrow morning we will hear the first in the series of

research reports that make up the body of the Congress; we

begin with Team 1, whose presentations are centered on noise-

induced hearing loss. The Team chairman is W. D. Ward of the

United States and the cochairman is H. -G. Dieroff of the

German Democratic Republic. Their session, like all of the

Team sessions, is preceded by a broad review of research that

has been done in this field of study since 1978, when the

Third Congress was held. For Team 1, the review will be

given by chairman Ward. Most of the rest of the session, like

all of the Team sessions, will be given over to invited papers

on recent advances. Then, at the end of the session, the

chairman and cochairman will summarize what has been said,

will add information and ideas developed by their Team, will

note governmental, industrial, and research problems that are

likely to arise in the next few years, and will propose

directions for study.

Most of the rest of tomorrow is scheduled for Team 7,

whose work deals with noise and animals. The chairman is

R. -G. Busnel of France; the cochairman is J. L. Fletcher of

the United States. Fletcher is giving the review in this

topic.



At the conclusion of the platforfn presentations, the

first of the poster sessions will open.

On Thursday morning, Team 4, which works with the in-

fluence of noise on performance and behavior, is scheduled.

The chairman is E. Gulian of the United Kingdom and the

cochairman is S. Cohen of the United States. The review

paper will be given by D. E. Broadbent of the United Kingdom.

Later in the day, Team 3's area of work is scheduled.

They specialize in nonauditory physiological effects induced

by noise. The chairman is J. H. Ettema of the Netherlands;

the cochairman is G. Jansen of the Federal Republic of

Germany. S. Rehm of the Federal Republic of Germany will

present the review for Team 3.

The work of Team 8 centers on interactions between noise

and other agents, both physical and chemical. We have seen

comparatively few studies in this area during recent years;

the research will be reviewed by 0. Manninen of Finland.

Interest and work in this important field seem likely to

expand soon.

Again, the last meeting of the day will be the poster

session.

Friday's program is devoted to sleeping and speaking.

First on the schedule is Team 5, which works on noise-dis-

turbed sleep. The chairman is A. Muzet of France; the co-

chairman is B. Griefahn of the Federal Republic of Germany.

Muzet will give the review.

In the afternoon, Team 2, which specializes in noise and

communication, is scheduled. Its chairman is J. C. Webster

10



of the United States; its cochairman is T. Houtgast of the

Netherlands. Webster will review the English-language

material; others will review the French, German, and Slavic.

The final poster session will conclude Friday's work.

Saturday begins with the program planned by Team 6, which

works on community response to noise. The chairman is P. N.

Borsky of the United States and the cochairman is R. Rylander

of Sweden. Ian Griffiths of the United Kingdom will give the

review of recent work on community reaction to unwanted or po-

tentially damaging sound. That session will conclude the parts

of the program centered on the International Noise Teams.

In the afternoon, under the direction of ICBEN cochairman

H. von Gierke, a group of papers will be presented covering

topics that are of such broad and general importance that they

are critical to every aspect of this Congress. Clearly, they

merit a separate session. These reports deal with noise

measurement, with noise reduction, with the benefits that

noise reduction might bring, and with estimates of the expense

of controlling noise.

The final presentation will be a summary of all of the

work of this Fourth Congress, to be made by G. Jansen, past

chairman of the ICBEN. He has the complex and challenging

job of bringing together in half an hour the concepts, the

research findings, the needs, and the conclusions that a

hundred people have presented, listed, recommended, proposed,

complained about, defended, and discussed throughout the

Congress. I don't envy him, but I know that he will complete

the task admirably.



Several times during the Congress, each of the Interna-

tional Noise Teams will meet to discuss current problems and

to propose directions for continuing, extending, and adding

work in its fields of interest. Members of the Teams will, of

course, be at those sessions, but visitors are certainly

welcome--even if you think that you have no questions to raise

or contributions to make. As always, we especially want to

include people with backgrounds in industry and in government

as well as those who are directly involved in performing

research.

As part of my scheduled closing remarks on Saturday, I

will provide two or three minutes to each Team chairman so

that that person can summarize or list his or her Team's

recommendations for activities to be undertaken during the

next five years. Although the available time will be short

and the number of words few, the importance of those closing

comments from the chairmen may well be as great as anything

we accomplish here this week.

Now let me end this speech as I opened it: welcome to

the Fourth International Congress on Noise as a Public Health

Problem. Welcome, honored and distinguished guests. Welcome,

participants. Welcome, all. Thank you for being here with

US. It is a privilege and a joy to be here with you.



Introductory Session

Noise as an International Public
Health Problem

Chairman: J.V. Tobias (U.S.A.)
CoChairman: HKv. Gierke (U.S.A.)



NOISY COMMUNICATIONS

Tobias, J. V.

Naval Submarine Medical Research Laboratory, Groton,
Connecticut, United States of America

The ceremonies are over and we must begin our work. The

work of this Congress is intended not only to encourage

international cooperation in the study of biological effects

of noise--although that is an important and useful purpose.

It is intended not only to exchange and to disseminate

information and ideas--although that too is an important and

useful purpose. But more than anything else, the work of this

Congress is intended to promote communication among research

scientists, governmental agencies, industrial workers and

managers, and, indeed, everyone wHo is concerned with noise

and noise effects.

Fulfilling that aim has been and remains a terribly

difficult task. People from one country who are interested in

noise may not always know what is being done in another

country by people who are interested in noise. That fact is

not very surprising. Wnat is surprising--and distressing--is

the fact that one can find the same problem without ever
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crossing a border.

In any country, the laboratory, factory, and government

people who are most concerned about the biological effects

of noise often do not say much to each other. Commonly, the

lack of communication results from their not knowing of each

other's existence. But too frequently, it results from their

not being able to understand each other's needs--and much of

the time the reason is that they do not understand each other's

vocabularies.
In this Congress, beginning now, we have an opportunity

to lower some of the communication barriers that keep the

research worker, the industrial manager, the international

commissioner, and the governmental official from speaking more

clearly and more frequently to each other. Industrial and

governmental workers need to know which problems are being

worked on by researchers. Research workers need to know which

problems are troublesome to industry and to government. But

if people in industry and people in government and people in

research do not say much or do not understand much when they

come together, the result is a lack of well-grounded

regulation and a lack of well-supported science.

In this session, we wil' take the opportunity to begin to

talk. We will hear reports and comments on the work and

interests of several international and national organizations

that are concerned not only with noise but with communicating

their concern about noise. During the rest of the Congress,

we will hear reports and comments from research people who are

also concerned both about noise and about communicating. And,

Ifi



at the conclusion of this week's meetings and discussions by

the International Noise Teams, we will hear the Team chairmen

and cochairmen report and comment on what they have heard from

you research and industrial and government workers, on their

evaluation of the forthcoming problems, and on what they

interpiet to be the needs of the next few years.

We live in a multilingual society in which people are

separated by words--by the languages they speak. Shakespeare's

language is not quite clear to the German-speaking reader nor

is Goethe's to the Italian nor Dante's to the French nor

Voltaire's to the English.

Those of us who are interested in the biological effects

of noise also live in a multilingual society. The research

practitioner's words are not quite clear to the regulator nor

are the regulator's to the factory worker nor the factory

worker's to the researcher. Let us strive during this

Congress to talk and to listen more clearly.
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WHO PROGRAME ON URBAN NOISE CONTROL

van den Eijk, J.

World Health Organization, Regional Office for Europe

I. INTRODUCTION

Excessive noise in towns is not a modern problem at all! Already

N
Schopenhauer complained about the many times that the lash of a coachman's

whip had cut-off so to say the development of deep thoughts in his mind.

Centuries earlier already blacksmith's workshops sometimes were banned

outside city walls because of the noise they produced. It seems that even

from a few thousands years before the Christian Era complaints have been

registered about the unbearable noise produced in streets of a town very

early in the morning by sheep driven to the market place.

No wonder, therefore, that also the World Health Organization

considered noise problems relatively early. In 1966 a study by Dr. A. Bell,

called "Noise", was published in the WHO Public Health Series. And in 1970

a study by Dr. J. Lang and Dr. G. Jansen was published under the title

"The Environmental Health Aspects of Noise Research and Noise Control".

A more systematic approach of the problem was envisaged when in 1971

"Development of the Noise Control Programme" was published, as the result

of a WHO-Working Group, a meeting of a group of experts. As a consequence
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of this Programme, in 1977 "Noise Control in Buildings" was published,

prepared by another Working Group.

In 1980 a publication "Noise" appeared as part 12 in the series

"Environmental Health Criteria". This publication was the result of a WHO

Task Group in early 1977.

In 1982 the WHO Regional office for Europe decided to reconsider its

position with respect to the noise problems and as a result of this a

report "Urban Noise" will be available this year. It is the purpose of

this paper to present this WHO-report.

2. PROGRANNE

The Programme proposedin the WHO-report contains 10 items. The first

4 of them are related with desirable improvement of knowledge on the

effects of noise on health. They include the following targets.

2.1 Confirmation, adjustment or refinement of

published limits for noise in the urban environment with respect to

annoyance and with respect to teaching and office work; separately for

road traffic noise, passenger rail traffic noise and goods rail traffic

noise.

All existing knowledge which is available in

journals, reports or otherwise should be considered and compared

critically and the results should be published in a WHO-document in such

a way that they are applicable by authorities and town planners.

2.2 A better knowledge of the sound levels oclow

which no adverse physiological effects can be envisaged, also op long term

and for "sensitive" groups.



To complete existing knowledge more research may be necessary. In

order to achieve results which can be applied in the field as directly as

possible, it is advisable that a thorough discussion is organized between

experts of different countries, in order to clarify and agree on

bottlenecks with respect to definitions and methodology. Such also in view

of the relatively large sums of money required and of the urgent need for

"solid" results. For the moment there is still too much uncertainty with

respect to such levels, especially with respect to their combination with

other elements of stress in the urban environment.

2.3 Better knowledge on which levels and/or

types of noise influence the sleep quality adversely.

A lot of laboratory investigations have been published already.

Although further laboratory research would be useful, there is a need for

complementary studies on an epidemiological basis. As for the preceeding

item, WHO proposes a preliminary discussion about the purpose of the work,

including definitions and methodology.

2.4 Better understanding of those aspects of

noise, apart from noise level, which influence the adverse effects on

health.

It is known that apart from the sound level of a noise, also other

characteristics are of influence for its effects on health, especially its

effects on well-being. For instance, the infqrmation content of a noise is

of much importance, especially if the information has an emotional

character. The sound of a crying child or of breaking glass e.g. will

attract attention of most people even if the corresponding sound level is



very low. Other aspects are e.g. steady state or fluctuating sound, tonal

aspects, expectations for a given environment, during daytime as well as

during the evening and the night. Near an airport the sound of a plane is

not strange, but in an area for quiet relaxation the same sound will raise

more complaints. There is a need for an authorative publication which

presents the available knowledge in a practically arranged way. Also it

may turn out that more research is advisable in the field as well as in

the laboratory.

So far the items which relate to the effects of noise on health.

Quite another aspect is:

2.5 The promotion of the effectiveness of

governmental measures.

More and more governments issue regulations and laws on noise control

in the urban area. There are many differences, however, and it would be

profitable to have available not only a survey of those measures, but also

an evaluation with respect to their effectiveness (and other experiences)

in practice.

Two items have to do with the promotion of the application of noise

prediction methods developed:

2.6 The first one aims at a screening of the

existing prediction methods for noise in the urban environment, with a view

on simpleness and accuracy.

Prediction methods for noise in the urban area now seem to be

reas(2,ibly accurate for most situations. In order that town planners take



the expected noise levels into account, they need methods which are

sufficiently accurate but which are also as simple as possible. Therefore

screening of the existing methods in this respect and discussion of the

results is important.

2.7 The second item in this category is the

promotion of an international documentation system for technical noise

control achievements in towns.

This relates to e.g. layout of new (parts of) towns, shielding of

traffic noise by barriers etc. as well as to traffic control. The results

obtained should also be included. The presentation should be as uniform as

possible in order to make comparison possible and also to avoid enthusiast

reports without solid basis. It is believed that such a documentation would

be instructive and would efficiently promote the application of existing

knowledge. The same applies to a documentation system for enforcement of

governmental and police measures.

2.8 Item 8 is the promotion of existing quiet

building construction techniques and equipment, including data on noise

production and costs.

Such a promotion could be achieved by compilation of existing

equipment and knowledge. The production method of such a documentation

should include a revision every 2 or 3 years.

2.9 Item 9 has to do with the fact that although

every town has noisy areas, not every town is experienced as a noisy town.

This may have to do with the dimensions of the noisy areas and with the

question whether sufficiently quiet areas are sufficiently near the noisy



areas. The target here is an investigation of existing knowledge on how to

design towns in such a way that they are not experienced as noisy ones

although in certain parts the actual sound levels outdoors will unavoidably

be relatively high.

2.10 The last item of the Programme is the

promotion of the attitude of the general public with respect to noise.

Better techniques, calculation methods and governmental measures are not

sufficient to achieve a quieter environment. Education of the general

public in this respect is of invaluable importance. It is believed that it

would be worthwhile if WHO would collect the valuable experience which

exists already in some member states and makes it available in a suitable

form.

3. EXECUTION OF THE PROGRANE-

Much research on the subject of urban noise is being done or has been

done already. When trying to fill in gaps in knowledge and/or availability

of reliable, useful data, WHO wants to execute the Urban Noise Programme

in such a way that optimum results can be expected and that no time or money

will be wasted. Close contact with several experts, research institutes and

ministries which cover environmental health and hygiene will be necessary.

WHO itself has no possibilities to carry out research projects. There

are three possibilities to carry out the work:

- An expert can be asked to carry out a project as a WHO consultant.

Limited funds are available to cover the costs.

- A so-called consultation can be organized by WHO. In that case a small

group (three or four) of experts is asked to prepare a document on basis of

existing knowledge, during a meeting of a few days. Also for this purpose
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limited funds are available. But as a rule additional funds provided by thle

government of the country where the consultation is held, will be necessary

and anyway a meeting place should be provided.

- For more expensive and extensive research no WHO funds are available and

therefore WHO seeks for this purpose cooperation with existing research

institutes in member states, which are able and willing to carry out agreed

projects in close cooperation with W4HO but financed by their own budget.

In all cases the work should be concluded by a report which is designed in

such a way that it is as useful as possible for the group for which it is

intended. It should present a clear description of the problem investigated,

the work dome to solve the problem and the results obtained.

The Programme presemted here is rather extensive and it may well be that

due to limited resources, at least at the beginning the execution will have

to be curtailed somehow. W4HO hopes, however, that enthusiast cooperation

with consultants as well as institutes will be possible. In each particular

case modifications are possible of course, during preparative discussions

of the project. And anyway a close and open communication with WHO during

the execution of the work is a requirement.



GENERAL STATEMENT CONCERNING INTERNATIONAL LABOUR OFFICE
ACTIVITIES IN THE FIELD OF OCCUPATIONAL SAFETY AND HEALTH

WITH PARTICULAR EMPHASIS ON NOISE

('opp6e, Gl..

Occupational Safety and Health Branch, ILO, Geneva

It gives me great pleasure to address this Congress
and to transmit the best wishes of the Director-General
of the ILO, Mr. F. Blanchard, for the success of this
meeting. I would also like to welcome you heartfully in
the premises of the ILO International Centre for Advanced
Technical and Vocational Training on behalf of Mr. Aboughane,
Director of this Centre. He regrets not being able to do
it himself but he is in Geneva attending the 69th Session
of the International Labour Conference. It is here, nine
years ago, in December 1974, that the ILO Meeting of Experts
on Noise and Vibration was held, which prepared the ILO
Code of Practice on the Protection of Workers against these
risks and which discussed the content of the ILO instruments
on noise and vibration. This meeting of experts was a
major milestone on the way towards the adoption by the
International Labour Conference, three years later, in 1977,
of Convention (No. 148) and Recommendation (No. 156)
concerning the protection of workers against occupational
risks due to air pollution, noise and vibration. In 1975
I represented the ILO at the Congress "Man and Noise"
organised within the framework of the Eighth International
Medical Surgical Congress. For me it is the third time
that the city of Turin and the problem of noise are
associated and I am particularly pleased to address this
fourth international Congress on Noise as a Public Health
Problem.

The protection of workers against occupational risks
due to noise is a good example where the ILO is using its
various means of action in a complementary manner. There
is, as I have mentioned, Convention No. 142 and Recommenda-
tion No. 156 (up to now the Convention has been ratified by
12 countries); there is the Code of Practice (this Code
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has no compulsory character but it provides guidance to
governments, employers' and workers' organisations);
there was a symposium on the Protection of Workers against
Noise organised in November 1979 in Dresden. Dissemination
of information on occupational exposure to noise and its
prevention is ensured by various means: through the
International Occupational Safety and Health Information
Centre - CIS, through the ILO Encyclopaedia on Occupational
Health and Safety (a new edition in English has just been
published) and through various publications of the ILO
Occupational Safety and Health Series, as well as through
the ILO technical co-operation activities.

Noise is also a field where international co-operation
has developed in a very fruitful and complementary manner.
The International Electrotechnical Commission (IEC) sets
standards for measuring equipment. The International
Standards Organisation (ISO) defines methods for the
measurement and assessment of occupational noise exposure.
The ILO Code of Practice makes reference to these inter-
national standards. WHO has published an environmental
health criteria document which studies the dose-effect
relationship of exposure to noise. Taking into account
existing standards and knowledge on the effect of noise,
the Meeting of Experts in 1974 which I mentioned earlier
has defined occupational exposure limits. The Commission
of the European Communities is preparing a directive on the
protection of workers against noise. The WHO Regional
Office for Europe, the OECD, the Council of Europe and the
UN Commission for Europe have also developed important
activities concerning noise and noise control which are
sometimes related to work but deal mainly with community
noise problems. Several employers' and workers' organisa-
tions have published studies on occupational exposure to
noise, guidelines or handbooks on noise control.

The noise limit levels for the prevention of hearing
impairment which are defined by the ILO Code of Practice
are the following:

- depending on the degree of protection wanted, the
following limit values should be determined: a
warning limit and a danger limit value;

- in the light of present knowledge, the following values
may be recommended: a warning limit value of 85 dB (A)
and a danger limit value of 90 dB (A); these dB (A)
are measured using the "impulse" scale, i.e. these are
(AI) dB;

- no matter for how short a time, workers should not,
without appropriate ear protection, enter an area
in which the noise level is 115 dB (A) or more;



- if there are single isolated bursts of noise which can
go above 1130 dB (A) "impulse" or 120 dB (A) "fast",
personal protective equipment should be worn;

- no worker should enter an area where the noise level
exceeds 140 dB (A).

The ILO activities concerning the protection of
workers against occupational risks are part of the
international programme for the improvement of the
working environment (PIACT) launched in 1976. Convention
No. 155 and Recommendation No. 164 adopted by the Interna-
tional Labour Conference in 1981 contains the principles
of coherent national policy concerning occupational safety
and health and the working environment including the action
to be developed at the national level and at the level of
the undertaking.

Adequate protection of the health of workers in all
occupations is at the heart of the ILO maidate. Since
1919 the International Labour Conference has adopted some
24 Conventions and 22 Recommendations concerning occupa-
tional safety and health in the working environment.
The Resolution adopted in 1975 by the International Labour
Conference concerning future action of the ILO in the field
of working conditions and environment gave a new momentum
to ILO activities in this field. This is the purpose of
PIACT.

PIACT has four basic underlying ideas. The first is
that problems related to working life must be dealt with
by a novel approach by trying to link the different elements
that are part of that life (occupational safety and health,
working time, pay, work organisation, job content, social
services, living environment, leisure, etc.). Then, there
is the idea that ILO action in this field is essentially
intended to promote and support the activities of member
States, and the originality of the programme is that it
links these different activities within an international
framework whose purpose is to orient, stimulate and support
them. A third underlying idea of the programme is the
participation of all the parties and people concerned and,
firstly, of employers, workers and their organisations,
in putting into effect programmes for the improvement of
working conditions and environment. Lastly, the act is
based on the idea that the means of action available to
the ILO (labour standards, practical activities, tripartite
studies and meetings, dissemination of information) should
be used in a systematic and co-ordinated manner.

Within the framework of this over-all approach to the
quality of working life, the working environment is
considered both by the ILO and also by the United Nations
Environment Programme (UNEP), as an integral part of the
human environment. The problem of noise very well



illustrates the i;,portance of a comprehensive aotroac : to
the living and working, environm,,ents, to the healthi of
workers as a whole. How is it possible to :iake a snar:.
distinction between occupational exposure durini- workin,
hours, noise exposure during transport to and ron work,
and noise exposure in the living environment? The concept
of noise load to which workers are exposed is a very
important issue which has been discussed both at the
national level in a number of countries and also at the
international level.

There are areas where occupational health and p.ublic
health concerns converge. Cross fertilisation is not only
possible, but important to stimulate. Noise is perhaus
a particularly good example where the occupational health
approach and the public health approach are complementary
and may help to promote remedial actions which would at
the same time improve the noise levels in the working and
living environment. For example, the importance of taking
noise control measures at the design stage must be emphasised.
This field may be considered as a priority area for csearch.

Finally, I would like to underline the interest
that I will take in the work of this Congress for which I
formulate my best wishes for success.



COMMISSION OF THE EUROPEAN COMMUNITIES: ENVIRONMENT RESEARCH PROGRAMMES

JOINT RESEARCH PROJECTS ON THE EFFECTS OF NOISES ON HUMAN BEINGS

P. GUILLOT

DG XII - Environment Research Programme

Commission of the European Communities

200, rue de La Loi - 1049 BRUSSELS (Belgium)

INTRODUCTION

In scientific support of the programmes of action on Environment the

Council of Ministers of the European Communities has adopted a second

research programme on Environment for 1976-1980, then a third research

programme for 1981-1985, of which the purposes are :

a) to provide for the acquisition of the scientific and technical

knowLedge necessary to the execution of the action programme;

b) to Look for solutions to ehvironmentaL problems which may be reasonably

expected to arise in the medium and Long term future;

c) to foster and to coordinate colLaboration between national research

programmes in the environmental field.

As the budget foreseen for funding Laboratories is of the order of

2 to 3 % of the financial support of the Member States to their own

laboratories, it was deemed preferable to concentrate the CEC support on

a few projects fostering common work between Laboratories of different

countries in areas of interest to many EEC countries; this was initiated

in 1977 by a research project on the effects of noise on sleep in the home

and on performance, going on until 1984. In 1981, another pilot project

for one year was investigating experimental evidence for differences be-

tween human reactions to impulse noises and to continuous noises. Then

the project was rearranged and continued for two years. In the same time,

a few other interesting areas were explored for possible joint projects

in future research programme.



JOINT RESEARCH PROJECTS

From surveys in the noise research literature, it often appears

that, although many laboratories worked on the same problems, the results

are not comparable because of large differences in the experimental con-

ditions, in the measured vari-oles, and in the units expressing the

measurements results. Only the number of units and indices used for the

noise levels is so big that it is practically impossible to make a reliable

conversion table between them in order to pool the results of partial

researches and to increase their statistical significance.

Therefore, it was felt that an unioue way of fostering international

collaboration in EEC was to bring together a number of research teams

accepting to adopt a minimum common experimental protocol, allowing direct

comparability of their results and pooling them. This never meant that

each team must have experimental conditions exactly identical with each

other, that is work duplication. But before initiating their work, every

team leader has to discuss and agree with all other team leaders upon an

experimental protocol such that the results are expressed in a comparable

way. These preparatory dicussions are often arduous and lengthy, because

each team has its own equipment and scientific interests and it is diffi-

cult to modify an established custom of working and thinking. These efforts

for agreeing on a minimum common protocol are finally rewarded when it is

possible to combine results of different teams which seem disparate for

reachirg common conclusions which did not come out of individual team

results. It even occurred that, afterwards, team leaders regretted them-

selves not to be able to draw statistically significant conclusions be-

cause of differences in the experimental conditions which did not allow

to pool all results.

1) Effects of traffic noise on sleep in the home and on performance

In 1975, three experts from Belgium, Federal Republic of Germany,

and United Kingdom made a review for the CEC on "Damage and annoyance

caused by noise" published as EUR report stating that there were no

definite data on the relation between health and noise-induced disturbance

of sleep pattern. After considering the difficulties of achieving epi-

demiological surveys on such a subject, without first determining more



precisely possibLe health effects to look at, it was decided to commence

a joint project on the effects of traffic noise on sleep of persons living

near motorways since a long time. Between four laboratories (D, F, NL, UK),

a minimum common protocol was agreed upon to be applied to volunteers

normally in a noisy environment. To overcome the difficulties of comparing

different persons, the reactions of each subject were recorded in their

normal environment, then in a quieter environment, and again in normal

conditions to evaluate differences due to changes in noise levels. A

number of common physiological reactions as well as noise levels in the

bed-room were continuously recorded during 10 to 20 nights per subject,

performance tests were made and questionnaires were completed every

morning. Each team was free to add particular measurements and to fix

certain experimental conditions (f.i. the way to reduce noise level in

the bed-room) provided that a minimum number of measurements be made in

the same way. So far, the project is not ended, and Mr. Jurriens will

present the results common to the teams in the session on "Noise and sleep"

while some more specific results will be illustrated by Mr. Kumar and

Mr. Wilkinson.

2) Comparison of community reactions to impulse noise and to continuous
noise of the same equivalent noise energy level (L A,eq).

In 1980, the CEC advisory committee of noise experts recommended to

look for the experimental differences between the reactions of a community

to impulse noise and the reactions of the same community to continuous

noise (traffic noise) of the same LA,eq to confirm if the correction of

+5 dB given in the International Standard Organisation Recommendation

ISO R 1996 (1971) was appropriate or should be modified.

Before embarking on a large size project, it was preferred to have

an exploratory project for one year to look at different possible reactions

physiological and psychological, with many laboratories collaborating to

share the work in such a way that all re-ults must be directly comparable.

Again, it meant that all laboratory leaders had to agree with each other

on the experimental design and protocol for having a minimum set of common

identical measurements to which individual team results were always com-

pared. In total, eleven laboratories (D, DK, F, I, IRL, NL, UK) joined

and achieved this pilot project in three groups



a) physiological reactions in Laboratory: volunteers were listening to

a succession of noises (white noise, traffic and impuLse noises) for

10 minutes each and a number of physiological parameters (heart rate,

respiration rate, bLood and urine analysis) were recorded;

b) annoyance rating in laboratory: again voLunteers sitting in a room

simiLar to a living room were asked to answer to a questionnaire

after 5 minutes exposure to a noise at a given L A,eq Each subject was

Listening to a succession of different noises at various LA,eq in a

random order, and relative annoyance ratings were calculated on purely

numerical scaLes;

c) field impulse noise measurements and community reactions: some specific

impulse noise sources in the environment (piLe drivers, shooting range,

construction noise) were Looked at; different ways to identify and

to quantify the impulse noise levels among ambient noise levels were

tried. In particular, the EEC directive n. 79/113 (published in the

O.J. of the European Communities, n. L 33 of 8/2/1979) estabLished a

practical way of determining whether a sound source is impulsive or

not : Looking at the difference between two sound level meters readings

set in "slow" and "impulse" positions, a value equal or higher than

4 dB characterizes an impulsive source. This method was found not

reliable for ambient noises when a variety of sources are mixed at

different Levels, unless one takes only the peak value of the two

meters. An opinion survey in the 10 EEC States carried out in 1981

showed that specific impulse noises from construction sites, heard by

a small fraction of the population only, were given a high annoyance

rating.

The resuLts of this pilot phase for the two groups b) and c) indicated

a trend encouraging enough to continue for another two year project in-

vestigating more carefully this problem. For the physiological group, the

differences were not large enough to justify the continuation of the

research.

In the team session "Community response to noise", Mr. Rice and

Mr. de Jong will present the actual results of the two groups, annoyance

rating in laboratory, and field surveys respectively.



Depending on a detailed analysis of these results, it should be

decided by the end of 1983 if this joint project continues with CEC

support for the next two years.

3) Other exploratory research for possible joint projects in future CEC

Environment Research Programme

As the two previousLy mentioned joint projects requested about three

quarters of the CEC budget for noise research, it was only possible to

initiate preliminary work into other areas of common EEC interest.

a) cardiovascular effects of noises: two contracts were awarded to profit

from epidemiological surveys, one in UK and one in Germany, to investi-

gate some ways of future research. As epidemiological studies are long

and costly, it is not possible to fund completely new ones, but it

seemed worthwhile to join in nationally funded research projects which

are of utmost importance due to the cardiovascular morbidity and morta-

li ty;

b) synergism between noise and vibration in transport vehicles: as an

increasing number of persons may drive a car for long periods of time

even for holidays, it was decided to look at the reactions of pro-

fessional drivers exposed in laboratory to combination of noise and of

vibration to see whether this provokes a synergistic effect, that is

more than the addition of the effects of each stimulus alone. Two

laboratories, one in France and one in Ireland, colLaborate on this

project.

As these contracts started only in 1982, no results are yet available;

it is expected that the repu' ts should allow to take a decision in 1985

for funding more consequently these areas in the next CEC Environment

Research Programme.

c) rommunity reaction to aircraft noise: this is a new exploratory research

to be carried out in 1984-"5 around two or three major airports in EEC

to determine whether an harmonization is feasitle between the methods

used in differ-rit ountries for assessing noise levels at ground and

'7ommurity res-Qnse with questionnaire. Actually, the methods and the

noise indiiec adopted by the EEC Member States are incommensurable at

all and it )s t po~sibt r mnare the situations and the national



reguLations on Land use around EEC airports. Once again, it will be

tried to adopt a minimum set of common measurements used as a yard-

stick for all national measures. If such a common method proves to be

acceptable, then future national surveys might be eased.

CONCLUSIONS

Because of the constraints on the CEC research budget on noise topic,

a deliberate choice was made to concentrate the support on a few projects,

rather than to scatter the available funds. The international collaboration

was a major point in which the CEC roLe can be unique, bringing together

a variety of researchers to speak to each other in a common way allowing

direct comparison and addition of results. These joint projects are also

of immediate interest to each participating laboratory because it may

concentrate upon its specific interests in the project and still benefit

of the research made in other laboratories, because of the common experi-

mental protocol followed by every member of the project. In the same time,

the confidence in the results is increased, and the variety of experimen-

tal parameters which can be studied by the different Laboratories is much

larger than if it were only one laboratory to do the work.

Furthermore, an important qualitative advantage of these joint projects

is that every member understands better what the others want to achieve,

how they work and which questions may arise to interpret partial results.

It is highly desirable that the CEC be not considered as only looking

at levying taxes on each Member State, but that it can make working to-

gether more fruitful for everybody, which can be termed "Work added value



PROTECTION OF WORKERS FROM THE RI SKS OF OCCUPATIONAL
EXPOSURE TO NOISE: ACTIVITIES OF THE COMMISSION OF THE
EUROPEAN COMMUNI TIES.

van der Venne. M.

Directorate-General Employment, Social Affairs and Education,
Commission of the European Communities, Luxembourg.

Exposure to high noise levels is known to affect health

and working efficiency; its effects range from

psychological nuisance to organic damage. Protection against

noise at work is thus of concern both to management and

labour, and to the relevant public authorities. It has

been listed under the actions covered by the Action

Programme of the European Communities on Safety and Health

at Work.

Loss of hearing is becoming one of the commonest

recognised occupational diseases in our society today and

as a result threatens a large number of workers. Numerous

studies have been carried out on the effects of noise on

hearing and these have enabled the risks of hearing loss

to be assessed for the conditions prevailing at many work

places, unlike other effects. The Commission considers

that throughout the Community, workers should be afforded

a protection against risks to their hearing and safety
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which are due to excessive exposure to noise at the work

place.

The number of persons involved, the resulting human and

social costs, as well as the economic and technological

constraints connected with a reduction of noise levels,

mean that the problem must be tackled from various angles.

For several years now, Community actions have aimed at

limiting the sound emission of noisy equipment by the

harmonisation of the corresponding laws. However, the

health considerations have not been the overriding

consideration in such legislation although aiming to reduce

noise at source goes obviously in the right direction. The

emission limits which have been adopted to date have not

had as their primary aim the protection of hearing. If,

indeed, this were to be the primary aim, then such limits

would need to be established at such low levels that account

is taken of the worst possible conditions, which is neither

realistic nor reasonable. On the other hand, the duration

of exposure and the use of collective and individual

protective equipment can also play a part in giving such

protection. Thus, since the damage caused to hearing

depends on -he quantity of noise received by the ear, the

Commission concluded that limiting this noise would

control the amount of hearing loss; a proposal for such a

Council Directive (O.J. C289 of 5.11.82) has been drawn up

accordingly. To protect hearing any action which limits

exposure is acceptable but the proposal lists these in



order of priority. As already mentioned, reduction of

noise emission is a first priority, with well-designed and

quiet plants and equipment being the best answer. This is,

however, a long-term action and there will be many cases

in which the risk of hearing damage will still exist so

other means of control have to be considered. These

involve such factors as the modification of the organisation

of work which can result in a reduction in the dose of

noise received; it can also cover the use of ear defenders

which should, however, be considered as a last resource

due to their restrictive nature and inconvenience. The

attenuation provided by ear defenders varies with the

frequency of the noise and the specific attenuation factor

at a given work place which can be difficult to determine.

In addition, inadequate or intermittent wearing of ear

protectors results in a reduced efficiency and overall the

actual protection afforded by such devices is uncertain.

A tendency to over-protect also introduces its own problems,

and, although there is no doubt about the general efficacy

of individual ear protectors, there is no doubt that they

do have limitations which have to be taken into account.

In preparing a regulation of this nature, the size of

the problem and the variety of situations which will be

encountered have to be taken into account. In the

Community 20 to 30 million people are probably subjected

at work to equivalent continuous noise levels exceeding

80 dB(A) and which may therefore result in a risk to



hearing. Of these half work in places where the mean

noise level exceeds 85 dB(A) and about 6 to 8 million in

places where the mean exceeds 90 dB(A). To arrive at a

uniform control of such widely differing situations, it is

best to state at Community level the minimum health

objectives that have to be attained and their application

is subsequently undertaken by local authorities. This is

a concept that is already utilised in the field of

industrial health and safety.

There are strongly held and differing views about the

level to which occupational noise should be limited. A

zero risk to hearing implies that the daily noise exposure

levels should not exceed 80 dB(A) which must be regarded

as the target for the future. However desirable this

target may be, it is unfortunately unrealistic in today's

industrial situations and a balance has to be arrived at

between socio and economic considerations leading finally

to a political decision. The Commission has proposed that

the noise limit should be at the lowest figure found in the

Member States' existing regulations; the risk to hearing

associated with such an exposure can be assessed and

expressed as the fraction of the population which is

expected to show a given social handicap resulting from a

corresponding hearing impairment.

The Commission has utilised these principles in its

proposal and has put forward a limit value of 85 dB(A) for

the daily sound exposure level to which the ear may be
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submitted at work; this is the quantity of noise

delivered by a constant sound pressure level of 85 dB(A)

for 8 hours. Furthermore, the peak sound pressure at the

ear may not exceed 200 Pascal so that acute damage is

prevented. These two values are absolute limits which

should not be exceeded; they take into account, however,

the effect of all the measures implemented for complying

with them, including the use of hearing protectors.

If workers are likely to be exposed to levels of noise

exceeding these values, then technical or organisational

control measures have to be undertaken to reduce the

exposure as far as is reasonably practicable. This

introduces the concept of technical and economic

feasibility which has to take into account the specific

work situation. If this does not result in the limit

values being complied with then suitable hearing

protectors have to be used.

There is thus no strict limitation of the ainbiant

noise (except at very high levels) and the duties

incumbent on the employer are to continue to reduce the

noise level to a feasible amount in so far as it is

likely to result in excessive exposure.

When the limitation of sound exposure is by means of

hearing protectors it is foreseen in the Commission's

proposal that audiometry of the workers concerned shall be

performed. This, therefore, removes many of the

uncertainties involved with the use of hearing protectors
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and allows early identification of those individuals who,.;e

hearing is beginning to deteriorate. Remedial action needs

to be taken to prevent the hearing impairment becoming

significant.

The Commission's proposal does not detail which

measurement methods have to be used either for determining

the noise exposure or for audiometry. Such methods may be

selected according to the specific situation but they

should be adequate enough to determine whether or not the

limits have been exceeded. This allows the use of less

elaborate methods or apparatus but the uncertainties and

variations resulting from such measurements must be taken

into account so that the result errs on the side of safety.

For site measurements this means determining the equivalent

energy level which has not been exceeded, for instance at

95% confidence limits; for audiometry screening techniques

identify those members of the population who have a

hearing loss including some members with false negative

hearing losses. However, the Commission's proposal does

detail reference methods which are to be used for

ascertaining the accuracy of these simplified procedures,

and for use in disputed cases.

This proposal for a directive is one of the

Commission's major actions for the protection of wo~rkers

against exposure to noise at work but its application

necessarily involves other activities amongst which figure

noise characteristics of various equipment. As a sizeable



fraction of noise at work is produced by tools and machines,

adequate information on the likely exposure resulting from

their use is useful in determining the measures that

should be taken during their operation. Furthermore, such

information will also aid in the move towards the

development and use of quieter equipment. The determination

of the attenuation factor of hearing protectors used at the

work place is another field of activity which needs to be

examined more closely with the aim of establishing a

Community method which can be applied in every-day working

situations. Thus, there is an overall need for the

standardisation of measurements.

The Commission intends to continue to review the

scientific knowledge on the health effects of noise

together with their practical application in today's

industrial society so that appropriate proposals can be

introduced in an endeavour to improve the health, safety

and wellbeing of workers.



THE ACTION PROGRAMMES OF THE EUROPEAN COMMUNITIES ON THE ENVIRONMENT

- NOISE ABATEMENT POLICIES -

OLSEN, E,

COMMISSION OF THE EUROPEAN COMMUNITIES
Directorate-General for the Environment, Consumer Protection and Nuclear

Safety

At a time when the economic situation continues to be the principal cause

of concern to most governments and states, when the emphasis is being

placed on the problems of inflation, unemployment, energy, etc., it may

appear a luxury to discuss the problems of noise control and noise

abatement.

However, this congresswill once again - as other congresses have done -

state unambiguously that noise continues to have deleterious effects on

man and on the environment. The proportions of the noise have exceeded

the limits of acceptability. It cannot be stressed too often, but already

as from his foetal life man is a victim of noise which Professor Ingerslev

so rightly characterizes as an insidious poison. Noise demands in every

respect as much attention as e.g. chemical waste and smoke. To elaborate

this point to this audience is evidently superfluous; there is no need

to preach to the converted.

The primary aim of this paper is to attempt to give the general outlines

of our activities and of the Third Action Programme of the European
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C-,mmjnlties on the Environment 1). This programme, which covers the

period from 1982 to 1986, has recently been adopted by the Council of

Ministers.

In the introduction it is clearly stated

"that environmental action must not only take account of the major pro-

bLems confronting the Community (employment, inflation, energy, balance

of payments and growing regional disparities) but must also contribute

to the efforts made in other ways to find solutions. This will be con-

ditional on the deteriorating economic situation not being used as an

excuse for weakening the environmental policy that is now under way".

Considering that a "phase down" in environmental measures, and quite es-

pecially on those related to noise, seems to be the policy adopted by a

great number of governments throughout the world, this standpoint of the

Community is notable.

In respect to noise the Third Programme will be a continuation of the

earlier programmes and will aim to :

1 - ensure that the decisions already taken are fully implemented;

2 - monitor the effects of these measures and, where necessary, adapt

them to new situations and information;

3 - consolidate the measures taken with the particular aim of making an

effective contribution to the achievement of the overall strategic

objectives, having due regard to all socio-economic implications.



Accordingly, the Commission will put forward a programme setting out the

general framework for a body of measures which will be taken at the

different levels to combat noise. The measures concerned must be speci-

fied and varied according to the types of activity that should be pro-

tected from noise (activities such as education, medical care, relaxation,

rest, leisure, etc.) or regulated in order to reduce the noise they cause

(transport, industry, agriculture, noisy leisure activities, etc.). The

measures should not only cover the sources of noise emission but should

also take into account the conditions governing noise propagation and

reception (e.g. traffic noise can be limited not only by reducing engine

noise, but also by the use of appropriate road-surfacing materials and

better traffic planning).

This general proposal could, depending on the circumstances, lead to

Community action or to national or regional programmes.

A special effort to standardize the various descriptive noise indices will

be made, the initial aim of which would be to compare existing national

regulations and to assess their effects on society and the economy.

Is it, by the way sensible tc have such a great variety of different in-

dices and units ?

There is certainly a need to relate subjective response to the noise

environment to some kind of a measurable aspect of that same environment.

Therefore, it is understandable that it is not all that easy to simplify

and put all types of noise in one basket. However, with some good will

it should be possible to cut down the number and help the bothered regu-



latory officials confronted with the present proLiferation of indices,

units and rating scheemes.

In response to the Third Programme the Commission has taken the first

actions to establish a better comparability of i Dise contours around air-

ports related to different noise indices and noise scales.

As you may find this task interestingalLow me to give you a few details.

Presently, five noise indices are used in the legislation of Member States

of the Community for assessing the aircraft noise exposure levels in the

vicinity of airports. We had to recognize that before reaching an agree-

ment on a harmonised index, some intermediate steps were needed, in

particular the establishment of a common data bank and the definition of

a common noise scale. Therefore, the objective of the Commission, as a

first stage, was to provide a research informatic tool with a view to

reaching a better comparability of the noise contours that are

established by Member States.

The CANAR (*) Computer Program of the Commission allows for each airport

the computation of the :

a) contours for 8 noise indices;

b) footprints for 4 noise scales;

c) areas of noise curves;

d) number of people who are exposed to a given noise level in a given

zone.

(*) Consequences of Aircraft Noise Abatement Regulations.
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The data that can be collected from CANAR can help us to solve the

numerous technical, economic or political problems that may be asso-

ciated with a legal use of noise contours. It should also allow us to

assess the economic impact on operators of some noise abatement strate-

gies and the ratio cost/efficiency of some specific flight procedures.

It is intended to make this programme freely available. The results of

this exercise thus far appear very promising and further efforts are

being made to develop and expand the programme.

The encouraging results of this action open the possibilities of

extending the exercise to other areas such as noise from construction

sites and road traffic. Railway noise could surely also benefit from

such an action.

The expansion of these programmes should, of course, be carried out

without prejudice to our actions on noise abatement at the source.

However, since a number of proposals for Council directives concerning

noise sources are at present blocked in the Secretariat of the Council

of Ministers for pnlitical reasons - cLoseLy connected with the so-called

third country problem - it might be better to alter our aim slightly,

until this essential problem has been resolved.

This may by now lead you to ask what are the overall, practical achieve-

ments; in what perspective should we view our activities ?

The First Action Programme 2) did not offer a comprehensive noise abate-

ment programme but listed specific measures within the framework of the

general programme for removing barriers to trade. Moreover, this was a
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fairly accurate reflection of what was happening in many countries.

The priority areas consequently found broad acceptance with the competent

authorities of the Member States and included

- road traffic,

- factories and construction sites,

- aircraft,

- railways,

- household appliances.

The Commission accordingly started work on

- motor vehicles, 1970;

- construction oI~ant and eq~uipment . 1975:

- aircraft noise, 1976;

- railways, 1979;

- household appliances, 1980.

Specifications for such products can be covered in either of two ways -

by specifications relating to the use of a product, or by specifications

to be taken into account during the manufacture of a product.

The Commission's services take the view that, in general, specifications

relating to the use of a product are more appropriately pursued at the

level of the national, regional or Local authorities of the Member States.

However, as far as specifications to be taken into account during manu-

facture are concerned, the Commission's services consider that harmoni-

sation at a European level - and, in some part icularly important areas



at a worldwide level - can serve two aims; first, improved chances for

environmental protection and secondly, a reduction in the possibiLities

of divergence between Member States (which might result in technical

barriers to trade).

So far the Commission has used two differing methods for deaLing with

specifications to be taken into account during manufacture; these are

- fixing of noise level limits (as, for example, when deaLing with motor

vehicLes and construction plant and equipment);

- labelling with a noise leveL (as in the draft Directive on household

appliances).

The Commission chooses - on a case by case basis - the method which it

considers best responds to the potential impact on the Environment.

The aim of the Second Programme 3) was to ensure the continuation of the

policy launched in 1973, paying closer attention to the overall increase

in the level of noise nuisance; this to be achieved by means of programmes

setting out the general framework for proposals concerning

- the guidelines which the competent authorities may take into consi-

deration when determining the levels (quality objectives) appropriate

to zones, where a particular activity predominates : rest zones,

residential areas, leisure areas, industrial estates, roads, railways,

airports, international waterways, etc.;

- noise measurement methods;
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- specifications for noisy products, measures dealing with the monitoring

of the utilization of these products, rules for labelling and the

affixing of labels; with the assistance of national experts, the Com-

mission was to draw up a list of priorities with a view to tabling

proposals on these matters. Such a list was to be based on an assess-

ment of the significance of these products in the overall impact of

noise on the environment;

- noise insulation standards;

- permissible noise levels at the workplace, determined in conjunction

with the European Foundation for the Improvement of Living and Working

Conditions and with the Social Action Programme of the European Com-

munities;

- research into the effects of noise on man (*) and epidemiological

surveys.

These latter two actions will be dealt with in details by my colleagues

Mr. Van Der Venne and Mr. GuilLot.

As I have mentionned, the Third Programme will be a continuation of the

earlier programmes. Hopefully it will bring a leap forward in the en-

vironment field, and what is just as important, lay the firm foundations

of a Community environmental policy capable of steering the Community

(*) Especially bricf ir low-frequency noise



to a growth model based more firmLy on considerations of quality rather

than on quantity.

Allow me to add a Last word : at the end of the day we are all

responsible for the quality of our environment. This simple fact is

often forgotten or overruled.
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INTERNATIONAL ORGANIZATION FOR STANDARDIZATION. TC43 ACTIVITIES
RELATED TO NOISE AS A PUBLIC HEALTH PROBLEM.

Inqerslev, Fritz

The Acoustics Laboratory, Technical University, Lyngby, Denmark

INTRODUCTION

The International Organization for Standardization - ISO -

is a non-profit organization whose aim is 'to promote the de-

velopment of standards in the world with a view to facilitating

international exchange of goods and services and to developing

mutual co-operation in the sphere of intellectual, scientific,

technological, and economic activity'.

The activities of ISO in the field of NOISE are undertaken by

the Technical Committee TC 43 'Acoustics' and its Subcommittees

TC 43/SC 1 'Noise' and TC 43/SC 2 'Building Acoustics'.

Standards relating to vibrations are developed by the Technical

Committee TC 108 'Mechanical vibration and shock'. Vibrations

are, however, not considered within the compass of this paper.

It should be noted that Technical Committee TC 29 'Electro-

acoustics' of the 'International Electrotechnical Commission'

- IEC - is responsible for the implementation of specifications

of the characteristics of measuring instruments for acoustic
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purposes. Publication 651, 1979 is a typical example of a docu-

ment on measuring instruments developed by IEC.

The scope of TC 43 reads: 'Standardization in the field of a-

coustics, including methods of measuring acoustical phenomena,

their generation, transmission and reception, and all aspects

for their effects on man and his environment'.

The scope of TC 43/sc 1 is: 'Standardization in the field of

noise in all aspects, including methods of measurement of noise

produced by diverse sources in diverse environments and the

assessment of the effects of sound on man'.

The scope of TC 43/Sc 2 is: 'Standardization in the field of

building acoustics, including architectural acoustics, acoustic-

al properties of building materials and constructions, and

sound propagation in buildings'.

It is important to note that it is a well-established principle

that TC 43 confines its activities to purely technical problems

relating to methods of measurements and the assessment of the

effects of noise on man. The establishment of maximum permis-

sible values for noise exposure is outside the scope of TC 43.

The responsibility for establishments of these values rests

with the national or regional authorities.

The enormous expansion during the last 25 years of the surface-

and air traffic, the industrial revolution with mechanization

of industry and the introduction of more and more office ma-

chines and electric domestic appliances involves that the noise

exposure has increased to such a level that our long-term

health is seriously threatened.



The citizens of many countries have since the late sixties de-

monstrated a vivid interest in noise problems. They have demand-

ed formulation of an effective noise abatement policy for the

benefit of the welfare of the entire population.

Therefore, it is of the utmost importance that the authorities

understand their responsibility and establish proper maximum

permissible values for noise emission and noise exposure.

The actual values chosen reflect the importance which the au-

thorities - and through them the public - attach to the envi-

ronment. The decision should be based on a comprehensive analys-

is which involves deliberations concerning the quality of the

environment, the economical resources available, and the proper

diversion of these resources to a great number of purposes. It

is not unusual to carry out cost-benefit analyses when a proper

balance between a number of interests shall be established.

Cost-benefit analyses in connection with deliberations regard-

ing environmental problems should be carried out with utmost

care. Such analyses may not be successful because it seems dif-

ficult - if not impossible - to evaluate in economical terms

the adverse effects of noise.

An effective and proper noise abatement policy - and especially

the establishment of proper maximum permissible values 
for

noise emission and noise exposure - depends on internationally

agreed standards on measurement of noise emission, noise trans-

mission, noise exposure, and methods for evaluation of the ef-

fect on noise. It is the responsibility of ISO to de-

velop such standards. ISO has already developed a great number

of standards. It should, nevertheless, be realized that many



instrumentation and labour. The three classes are:

1. The survey method (grade 1)

This method requires the least amount of time and equip-

ment. It may be used for comparisons between noise

sources of similar characteristics. The sound field is

described by the sound level as measured by a sound le-

vel meter.

This method is generally of limited value if corrective

measures to reduce the noise are to be evaluated.

2. The engineering method (grade 2)

In this method, the measurements of sound level or

sound pressure level are supplemented by measurements

of band pressure levels. The acoustic environment is

analyzed to determine its effect upon the measurements.

The engineering method provides information that is

usually sufficient for taking engineering action.

3. The precision method (grade 3)

This method gives as thorough a description of the

noise problem as possible.

The measurements of sound pressure level or sound level

are supplemented by measure ants of band pressure le-

vels. Records are made over an appropriate time inter-

val in accordance with the duration and fluctuations of

the noise. The acoustic environment is carefully ana-

lyzed and the measuring points and the frequency range

are selected according to the characteristics of the

noise source and environment.



This category of Standards includes at present eleven

standards: ISO 3740-ISO3749 and ISO 6081.

ISO 3740-ISO 3748 (ist eoition 1975-1981, the two last-mention-

ed are at the Draft Standard level)

This series of Standards 'Determination of sound power levels

of noise sources' describes various methods for determining the

sound levels of machines and equipment. Sound power level data

are useful for:

a) calculating the approximate sound pressure level at a
given distance from a machine operating in a specified
environment;

b) comparing the noise radiated by machines of the same
type and size;

c) comparing the noise radiated by machines of different
types and sizes;

d) determining whether a machine complies with a specified
upper limit of sound emission;

e) planning in order to determine the amount of transmis-
sion loss of noise control required under certain cir-
cumstances;

f) engineering work to assist in developing quiet machine-
ry and equipment.

When applying these basic standards to sound measurements on

specific machines, it is necessary to decide which one of the

basic standards is most appropriate for the particular class of

machine or equipment and for the purpose of the test. It is al-

so necessary to decide on specific details for mounting and

operating the machine to be tested within the general principles

stated in the basic documents. Guidelines for making these de-

cisions are provided in ISO 3740.

The methods described in this series can be classified in three

classes according to the requirements they put on the environ-



ment in which the measuremen~ts are taken, and on the amount of

more will have to be developed in the years to come.

It shall especially be emphasized that the responsibility for

selecting a proper physical description of noise rests with

TC 43. A proliferation of descriptors resulted in considerable

difficulties in establishing noise limits. ISO has selected the

A-weighted energy-equivalent continuous sound pressure level in

decibels as the best descriptor for estimation of the effects

of noise on man.

CLASSIFICATION OF INTERNATIONAL NOISE STANDARDS

International Noise Standards can be divided into the

following six main categories:

Category 1. Basic Standards on description and measurement of
environmental and occupational noise plus evalua-
tion of its effects on human beings.

Category 2. B~asic Standards describing various methods for mea-
surement of noise emitted by machines and equipment.

Category 3. Specific 'Noise Test Codes' for various types of
machines and equipment.

Category 4. Standards for measurement of noise emitted by road
and rail vehicles, vessels, aircraft and other
means of transport.

Category 5. Standards on measurement of sound insulation and
sound absorption.

Category 6. Various other noise standards.

The development of an ISO Standard is a three-step procedure.

The first step is drafting of a Draft Proposal (DP) . The next

step is a Draft International Standard (D15 . The final step is

an International Standard (ISO).



STANDARDS OF 'ATEGORY I

BASIC STANDARDS ON DESCRIPTION AND tNEASUPREMENT OF ENVIRONMENTAL

AND OCCUPATIONAL NOISE PLUS EVALUATI )N OF ITS EFFECTS ON HUMAN

BEINGS.

This category of standards includuJ,3 at present three stand-

ards: ISO 2204, ISO 1996 and ISO 1999.

ISO 2204 (1st edition 1975 - 2nd edition 1979)

This International Standard: 'Guide to International Standards

on the measurement of airborne acoustical noise and evaluation

of its effects on human beings' presents a summary of the me-

thods in common use and of the methods specified in other In-

ternational Standards.

ISO 1996 (1st edition 1971 - 2nd edition in preparation)

The title of the 2nd edition of ISO 1996 is: 'Description and

measurement of environmental noise'. The aim of this standard

is to provide authorities with material for the description of

noise in community and work environments. Based upon the con-

tents of the standard, noise limits can be specified, and the com-

pliance with these limits for acceptability can be controlled

by using the methods described in the standard. The standard

consists of several parts. The present list of parts has the

following subtitles:

Part I Basic quantities and procedures (Ist edition 1982)

Part 2 Acquisition of data pertinent to land use (Draft
Proposal)

Part 3 Application to noise limits and complaints (Draft
Proposal).

ISO 1999 (1st edition 1975 - 2nd edition in preparation)



The title of the Draft International Standard of the 2nd edi-

tion of 1SO 1999 is: 'Determination of occupational noise ex-

posure and estimation of noise-induced hearing impairment'. This

International Standard specifies a method for calculating the

expected noise-induced permanent threshold shift in the hearing

threshold levels of adult populations due to various levels and

durations of noise exposure; it provides the basis for calculat-

ing handicap according to various formulae when the hearing

threshold levels at commonly measured audiometric frequencies,

or combinations of such frequencies, exceed a certain value.

The Standard applies to noise which is steady, intermittent,

fluctuating, irregular or impulsive in character. In the case

of impulsive noise, it is recommended that this International

Standard be applied only as long as the instantaneous sound

pressure at any time during the exposure does not exceed 200 Pa

(140 dR relative to 20 Pa).

To calculate the risk of sustaining hearing handicap due to

noise exposure, the threshold of hearing of a non-noise-exposed(

population of comparable age must be known. Since different cri-

teria can be applied o tt selection of this population, this

International Standard &llows for two possibilities presented

by two different data bases:

a) an otologically normal population, that is, 'highly
screened' (see ISO 7029);

b) any other population selected by the user of the Inter-
national standards as being appropriate.



STANDARDS OF CATEGORY 2

BASIC STANDARDS DESCRIBING VARIOUS MFTHODS FOR MEASUREMENT OF

NOISE EMITTED BY MACHINES AND EQUIPMENT

Use of the precision sethod Is required in coi-plex si-

tuations where a thorough description of the sound

field is needed.

ISO b 8l ,raft Irtrrnational Standard)

The title of this Standard is: 'Noise emitted by machinery and

equipment - Guidelines for the preparation of test codes of en-

gineoring grade requlrinq noise measurements at the operator's

position.

The Standard lays down the conditions of measurement of noise

at the operator's position(s) and at other specified locations

in the vicinity of diftorent types of machinery and equipment

used indoors and outdoors. It also applies to operator posi-

tLons which are partially or totally enclosed by the machine or

are within a cab which may be an integral part of the machine

or remrote frcm the machine.

The Standard provides furthermore guidelines for the installa-

tion and operating conditions for the machinery and equipment

undergoing evaluation.
STANDARD OF CATEGORY 3

SPECIFIC 'NOISE TEST CODES' FOR VARIOUS TYPES OF MACHINES AND

EQUIPMENT

Noise Test Codes are standards specifying methods of measure-

ment of noise emitted by various types of machines. Noise Test

Codes are frequently used for checking compliance with noise

limits.



ISO 3740 provides guidelines for preparing Noise Test Codes

that prescribe methods for measuring the sound power levels of

machines and equipment. Several factors influence the selection

of the appropriate Basic Standard to be used. As examples of

such factors the following can be mentioned: Size of source,

character of noise, application of data and test environment.

Noise Test Codes must prescribe installation and operating con-

ditions precisely. Development of Noise Test Codes requires a

close collaboration betweem TC 43/SC 1 and the Technical Commit-

tees within ISO responsible for standardization related to the

specific machine and equipment.

It is not possible withim the compass of this paper to comment

on all the Test Codes developed by ISO. It is necessary to re-

fer interested readers to the publication under the reference

paragraph.

STANDARDS OF CATEGORY 4

STANDARDS FOR MEASUREMENT OF NOISE EMITTED BY ROAD AND RAIL

VEHICLES, VESSELS, AIRCRAFT AND OTHER MEANS OF TRANSPORT

These Standards can be divided into four groups relating

to road vehicles, rail vehicles, vessels and aircraft, re-

spectively. Each Standard specifies a method for measuring ei-

ther the noise emitted by the noise source or the noise level

inside the noise source. The operating conditions for the noise

source during the test is also carefully prescribed.

Road-vehicles

ISO 5128 (1st edition 1980) : 'Acoustic measurement of noise in-

side motor vehicles.'

e,-4



ISO 362 (2nd edition 1981): 'Measurement of noise emitted by

accelerating road vehicles.'

ISO 5130 (ist edition 1982): 'Measurement of noise emitted by

stationary road vehicles.'

DP 7188: 'Measurement of noise emitted by passenger cars under

conditions representative of urban driving.'

Rail vehicles

ISO 3381 (ist edition 1976): 'Measurement of noise inside

railbound vehicles.'

ISO 3095 (1st edition 1975): 'Measurement of noise emitted by

railbound vehicles.'

Vessels

ISO 2923 (st edition 1975) : 'Measurement of noise on board

vessels.'

ISO 2922 (1st edition 1975): 'Measurement of noise emitted by

vessels on inland water-ways and harbours.'

Aircraft

ISO 3891 (1st edition 1978): 'Procedure for describing air-

craft noise heard on the ground.'

ISO 5129 (ist edition 1981): 'Measurement of noise inside air-

craft.'

STANDARDS OF CATEGORY 5

STANDARDS ON MEASUREMENTS OF SOUND INSULATION AND SOUND AB-

SORPTION

This category of Standards includes at present three

Standards: ISO 140, ISO 354 and ISO 717.

ISO 140 (1st edition of part 1-8: 1978. Part 9 is at present a



Draft Proposal). The title of this Standard is: 'Measurement of

sound insulation in buildings and building elements.' It is a

comprehensive Standard divided up into 9 parts.

ISO 354 (ist edition 1963 - 2nd edition is in preparation). The

title of this Standard is: 'Measurement of absorption coeffi-

cient in a reverberation room.'

ISO 717 (1st edition 1982). The title of this Standard is:

Rating of sound insulation in buildings and building elements.'

STANDARDS OF CATEGORY 6

VARIOUS OTHER NOISE STANDARDS

Category 6 includes standards which do not belong to the

previous categories. The titles of a few of these standards are

listed below.

DIS 4869 (1981). Measurement of sound attenuation of hearing

protectors - Subjective method.

DP 7196. Method of describing sound at infrasonic frequencies

with respect to its effect on human beings.

DP 7235. Measurement procedures for ducted silencers.

DP 7574. Statistical methods for vetifying stated noise emis-

sion values of machinery and equipment.

DP 8201. Audible emergency evacuation signal.
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GOVERNMENT ACTIVITIES IN THE NETHERLANDS ON RESEARCH INTO HEALTH EFFEC-TS OF

NOISE.

A. Moerkerken

Ministry of Housing, Physical Planning and Environment (VRtM),
Leidschendam, The Netherlands.

Within the central government of the Netherlands 4 ministers have primary

responsibility for the various parts of noise abatement. These are:

- the Minister of Defence and the Minister of Transport, who are responsible for

carrying into effect the noise abatement policy for respectively military

airfields and civil airports, under the Aviation Act (the Aviation Act of 1926

was therefore especially amended in 1978);

- the Minister of Housing, Physical Planning and Environment (VROM), who is

responsible for the abatement of environmental noise fram traffic and rail

roads, industrial sites, appliances and foreign airbases, and residential noise

etc., as well as for standards for aviation noise, under the Noise Abatement Act

(which took effect in 1979);

the Minister of Social Affairs and Employment, who is responsible for the

abatement of occupational noise, under the Working conditions Act (which partly

took effect in 1983).

The Minister of VROM takes care of the coherence and consistency of all branches

of the noise abatement policy.
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FORMER RESEARCH PROGRAMS

To underpin the Aviation Act and the Noise Abatement Act, and the

regulations drawn up under them, during 1973-1976 7 research programs were set

up by the Interministerial Noise Abatement Committee (ICG), viz: Traffic

Noise(27 projects) , Rail Traffic Noise(14) , Industrial Noise(18) , Aircraft

Noise(26), Machinery and Appliances(16), Residential Noise(16) and Special

Topics(19). These programs now for the greater part are completed (English

translations of the programs are available). At the moment 171 reports have been

published, most of them in Dutch, with English, French and German summaries.

The research projects are aimed to underpin regulations. A part of the

projects aimed at defining environmental noise limits, based on annoyance,

speech intelligibility and sleep disturbance. These projects are reported in the

following publications, which can be obtained through the Ministry of VEOM:

Effects of noise abatement measures on residences along highway 16 at
Dordrecht(VL-DR-14-01) ; Survey of residents'experience of noise abatement
measures along National Road 10 in Amsterdam (VL-DR-1 4-02); Experience of sound

proofing measures to reduce the effect of motorway noise in private
houses(VL-HR-14-03); Study into the sensitivity of various areas and buildings

to road traffic noise(VL-HR-16-01); Assessment of annoyance due to road traffic
noise(VL-HR-17-01); Surveys of annoyance due to road traffic noise(VL-DR-17-02);

The relation between speech intelligibility and traffic noise levels

(VL-DR-17-03); Effect of ambient noise on the vocal output and the preferred
listening level of conversational speech(VL-DR-18-01); Intelligibility of

intervocalic consonants in noise(VL-DR-18-02); Preferred listening level for
speech disturbed by fluctuating noise(VL-DR-18-03, in English); The effect of
ambient noise on speech intelligibility in classroans(VL-DR-18-04, in English);

Effect of ambient noise on relaxed speaking and listening(VL-DR-18-05);
Establishing maximum allowable values for 3 categories of noise-sensitive
receptors other than houses (VL-HR-24-0 1) ; Disturbance of sleep by noise-

(VL-DR-24-02); Speech reception threshold for sentences as a function of age and
noise(VL-DR-24-03, in English); Noise nuisance in hospitals(VL-DR-24-05); Noise
nuisance in homes for the elderly(VL-DR-24-06); Annoyance in schools due to

traffic noise(VL-DR-24-07); Acoustic aspects in noise-sensitive receptors-
(VL-DR-24-08); Effects of noise on a number of skills(VL-DR-24-09); yardsticks

and limits for noise from railways(RL-HR-03-01); Getting used to noise from a
new railway line(RL-HR-03-02); Noise annoyance due to railroads(RL-HR-03-03); An
inventory of vibration caused by factories, a questionnaire held among municipal

authorities(IL-HR-05-01); Characterization and assessment of industrial noise-
(IL-HR-09-01/02); Human response to whole-body vibration, a literature
study(IL-HR-12-01); Residents'opinion on sound-proofing measures to reduce noise
nuisance fron aircrafts(LL-DR-14-01/02/03); Aircraft nuisance around military



airbases(LL-HR-16-01/02); Noise nuisance around general aviation
airports(LL-HR-16-03/04); Report on a preliminary investigation into sensitivity
to noise in mental hospitals (LL-HR-1 7-01); Noise annoyance in and around the
house(W.-HR-01-01); Sound insulation and annoyance with respect to
neighbour noise in renovated flats(WG-HR-14-01); The effect of loud music on the
hearing of young listeners(BG-HR-07-01) ; Tentative evaluation of annoyance
caused by shooting noise(BG-HR-10-01); Survey of spread of noise annoyance in
the Netherlands(BG-HR-18-01);

RESEARCH PROGRAM ON OCUPATIONAL NOISE

In aid of the Working Conditions Act the ICG-research programs have

recently been extended with a research program for occupational noise, for which

the Minister of Social Affairs and Employment is responsible. This program is

divided into the following categories: Silent technology; State of technology;

General applicable measures; Organizing Measures; Measures with respect to man;

Approach from occupational health care; Noise measurement and assessment;

Dose-response relations; Financial-economic consequences; vibrations.

At the moment 18 research projects are being carried out; 4 of these refer

to health effects, viz:

- Dose-effect-relations for annoyance (division of sound types and levels,

determination of annoyance at these types and levels, investigation into psychic

effects);

- Effects of noise-induced hearing loss on speech intelligibility (see the paper

of G.P. Smoorenburg, team nr.2 , elsewhere in these proceedings);

- Inventory of the shock and vibration problem (inventory of foreign limits,

survey of vibrations in various industries, population at risk);

- Effect of shock and vibrations on health (inventory of diagnostic parameters

for health effects, investigation into complaints and drop out of vibration

exposed workers, dose-effect-relations).



NEW RESEARCH PROGRAM ON EN~VIROiNMENTJ'AL NOISE

As the greater part of the environmental noise regulations now have been

acccomplished, the objective of environmental research gradually had to be

shifted fromn underpinning regulations to supporting the application.

Consequently the number of research projects decreased. in view of these changed

circumstances the 7 above mentioned ICG-programs for environmental noise are in

a concluding stagp. Running and new projects have been gathered in one new

research program, for which the Minister of VROM is responsible. This program

"Environmental Noise" is in coherence with the program "Occupational Noise". it

is divided into the following categories: Health effects; Noise reduction at the

source; Promnotion of silent behaviour; Publicity and education; outdoor sound

propagation and insulation; Evaluation of regulations; Noise guarding;

Financial-economic aspects.

The first 2 categories have a certain priority. For the coming period a

yearly budget (for the total program) of 4 million guilders is foreseen( in 1980

for example for the 7 ICG-programs a total amount of 6 million guilders was

spent).

The category "Health effects" principally covers the following topics:

medical effects of noise; influence of noise on performance and behaviour; Noise

annoyance; Sleep disturbance; Vibrations; Noise- induced hearing loss.

Depending on priority and budget research projects, according to these topics,

can be initiated.

At the rmment 6 projects are running, viz:

- Research on annoyance due to iplsive noise, a field survey(see the paper of

R. de Jong, team nr.6, elsewhere in these proceedings);

- A laboratory research on annoyance due to impulsive noise (in connection with

the above-mentioned survey);



-Annoyance due to noise from light rail vehicles (a survey among 600 persons in

respect to noise from points, bends and intersections of streetcar- railways

etc.) .

- Annoyance due to noise from various sources (on the basis of surveys it is

investigated whether cemulation of noise from traffic roads and other sources

leads to masking, addition or synergim);

- Influence of replacement of Diesel-busses into Trolley-busses on annoyance

(survey in a Dutch town before and after the replacement);

- Noise annoyance at recreation residences (survey on annoyance in non-permanent

residences such as camping-sites and suniner-houses) .

Further it is intended to set up projects aimed at "dose-effect-relat ions

for vibrations in residences due to industries and traffic roads" and "the

influence of insulation measures and geography of the house on annoyance due to

outside noises.

At the mment 3 projects are in a far advanced stage of preparation, viz:

a) "Noise and health"; b) Noise, mental exertion and cardiovascular risk" c)

"Noise and social behaviour". Project a) covers an extensive epidemiological

research in terms of both physiological and psychosocial parameters. It will be

combined with a laboratory research in which confounding factors, causality and

generalizing of relations found in the field study can be further investigated.

Attention will be given to sensitive groups and the relation between annoyanco

aixd medical effects. Project b) is a laboratory research into the relation

between noise exposure, task performance and mental exertion, Project c) is a

literature study into the relation between noise and social behaviour, aimed at

general conclusions based on theoretical concepts. English translations of these

projects are available.



These 3 projects are in line with the wish of our ministry to pay mo~re attention

to the influence of environmental noise on (non-auditive) physical and social

aspects of health.

In the past our effort was primary aimed at noise annoyance, as this is

generally the most important basis for developing environmental noise

standards. Now that in the Netherlands the development of a system of

environmental noise limits almost has been completed, our research effort also

can be aimed at physical aspects of health. We are convinced that annoyance due

to lasting, relatively high, environmental noise exposure is indissolubly

connected to negative physiological effects, and therefore wish to contribute to

research in this area. Happily the Dutch Parliament is also interested in these

matters, so that, in spite of decreasing government expenses, financial

possibilities still exist to initiate and finance some of this research. if more

firm conclusions with respect to medical effects can be achieved, the results of

research could be used:

- to test existing noise limits based on annoyance,

- to emphasize the need for noise abatement anid, if necessary, to shift

priorities,

- for information and publicity in order to support decisions for instance with

respect to physical planning.
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C"uter, A. Li.

,',sul tant in Industrial Audi olony, 1ver :iPri nF,t ' ryland,

Occupational nLse Is probably toe most c-mmon healt

;iazard in American industry. mhere are arvrximatel 15 ,il-

l on penple exposed to A-weilhted, daily average noi se l'tls

above 80 dO. This figure incliides noise exposed workers in

the production industries, maritime, agriculture, mining, con-

:-tructiqi, nd the military. About 5± million of the> 'Are ox-

cosed to riayiIs average levels of 85 di and above in '>e Pro-

iucti on industries alone. I'hese exposures take place in

309,000 individual workplaces. It is these workplaces that are

now subject to the provisions of ";e Occupational Safety and

.? ,a[th Administration's (OSHA's) hearing conservation standard.

The free market system, so highly regarded in the U.S.

t day, does not function to protect workers against occupation-

al hazards. Most consumers and stockholders are unaware of the

fate of those who manufacture consumer products. Employers

are not convinced that healthy environments promote productiv-

ity, and only r'croiy are workers able to reject a noisy, dirty

y1



job in favor of a hiealthier end oren with equal pay. in

short, government interveint~i n is cssry

Worker compensa ti on costs in the .2 arc, ri sin c steall liy,

but do not, as yet, compete V ' ni fi 'anti y wi th the coss f

noise control or henrinfr sonservo ti on rors.Recer. t es V -

mates for hearing loss claims- in the va ri ous tatstot/il ou

$13 million per year. Because the Federal Employnoe Compnna-

tion program is more generous than any of the state pr:sgram s

Federal employees collect about $30 million per year. Federal

compensation costs are rising by about 10%' to 30% ner year.

Government regulators have been aware of the noise prh~llom

for some time, longer than for many other occupationnl health

hazards. The first government noise standard in the U.7S.wa

issued in 1969 under the authority of the Waish-Healey Publi-

Contracts Act and applied only to employers who contracte. wiV'

the government. After the Occupational Safety and lVeal th A-t,

was passe:d in 1970 thssame noise standar., often calle I thec

Wal sh-Henley noise standard, b~ecame apoli sabi e to -iI' empni ovrrs

enp atfed in ijtors-tat.p commnor(-e. The 'ls-elv(now 2VA

st.inIn ri d d for a maxi-vim dil' averagce sou-nd le-ve-l o f

90 Ad. w't t, a )d re a tinn h p hntot e n tor.it ion

an I '' ] 1 a- 1 nen cill, I t~ie doublinuc

to *,'*1' a lfo f anl x P rq rte,

+ I A

ri 7 ~'



employers had to institute "continuing, effective hearing con-

servation programs." Iith the excertion of the one-sentence

hearing conservat-on recuire-ent, the standard is still in

effect today.

Because the standard lacks specificity in several places

compliance has been very uneven. Many emlovers interpreted

the resuirement for continuing, effective hearin z conservat n

programs as the issuance of hearing protectors arc nothin

more. In addition, the question of feasitle en iscein cn-

trols has been interpreted in a wide variety of' wys, , the

courts, by OSHA, and by emlovers. In an e"f ''' .' - -

standard OS±1 initiated the 7rocess of revi! - . .-

Agency followed the rres c r ru or, or:'3 re a -r.

include an acvisory., co<,i tee, a rorsa <o'i: tt or.

Federal Resisfter, e-ono-, ic and envir-%n-.

p-ibii- hearings, a "reg-ulatcr-; anal ysi s",f

papers and other internal bureaucratic doou . az

of arproximately 31,000 rages of testimony, c entanJ

nical material oroduced two nojor issoes: 7J, !er- - xr-

sure limit, whether it should be 85 or 07 . 2 or 5 oF

exchange rate; and the method of---omTlIance, w.we e ninecr-

ing control should remain the preferred meth.cd, or shether

hearing protectors scould "e t dven E,-ai s u. r s--

were the subjects of heated and rrotr arted and. the S

hinrarcny was unaile ta ma e a decision on either f them.

Finally in earl'y 1980 te A-ency made t',% decision tr

ame7nd the noise stanJard for soecifio hearing .';srvaticn re-

i'cirementrz a -, ,
to leave the '-cat' . u')as



9 J-d0 ,ermi ssibl e 'xpor Ii it, ' t,

the preference for en ri g r itrols st 1i 1 ot-n, 7Y.. V'

hearing conservqton amendment, alon . with it7 !; rt qru-

mentation, took about a year t prep're. 1 tWn3 ru 1 Inshed In

the Federal Register on January 16, 1981 .

One of the required supprtin, documents wa a reg'lator"

analysis" in which OSHA estimated the risks of "oA reiri n-

hearing conservation measures and the costs involved in indus-

try compliance. The Occupational Safety and Health Act directs

OSHA to "set the standard which most adequately assures, to the

extent feasible, on the basis of the best available evidence,

that no employee will suffer material impairment of health or

functional capacity, even if such employee has regular exposure

to the hazard ldo t with Ty such a standard r pm period of

his working life." 2  Thus, Congress has given OSHA a rigorous

protection criterion.

The Agency began the analysis by defining material impair-

ment of he-ring as an average hearing level greater than 2 dP

at I000, 2000, and 3000 Hz. OSHA had, in the pnast, used the

American Medical Association's (AMA's) previous definition of

hearing handicap, which wa, an average hearing level greater

than 25 W9 at 5u0, 1000, and 2000 Hz. However, the Agency

rejected this definiti on, along with the new AMA definition of

25 dB at 5, 10'00, 2O00, and WO00 Hz. This was done on the

cr 1 Is tat hearing sensitivity at 500 Hz is largely i rrol-

Vnnt for spen h ,ircriminn ti n ond that the h Lhewr frequeon Ke.,

i'lh 02 7 ... 1 , ,',mp in'r'csinply important us np<'Uh. QW-

-- lo j "jn'iu rc t and a:s th, Ii str;ngrni environment 'ome



less favorable.

OSHA calculated the numbers of workers who would be pre-

vented from developing material impairment of hearing if their

employers complied with the provisions of the hearing conser-

vation amendment. 3 The methodology incorporated age, sex, ex-

posure level, and exposure duration parameters. The Agency

also used three different "fences" or levels of hearing impair-

ment so as to assess the degree of damage that would be preven-

ted as well as the numbers of workers who would avoid material

impairment. These estimates assume hearing protector attenua-

tion of approximately 15 dB, backed up by a worker training and

education program and audiometric monitoring. According to

OSHA's methodology the following cases of hearing impairment

will be prevented at "equilibrium", after all of the workers

in the present system have retired and the only ones left are

those who have been protected by the hearing conservation

amendment:

Average Hearing Level Number of
Greater Than: Workers

15 dB 1 ,303,000

25 dB 898,000

40 dD 412,000

OSHA also estimated the number of workers who would bene-

fit by not exceeding f1:e 25-dO fence after various years of

compliance with the amendment:

After 10 -ars 212,000 wo-kers-

After 20 years 477, 000 workers

After 30 years 696,000 workers

After 40 years 79 000 wrrkers

At, eui] ibrium 1h 00( workers



.?se estimates assume that hearing protectors will be

worn by 100% of the workers exoosed to average noise levels

above 90 dO and by 100% of tnose workers exposed above 85 dB

who have experienced noise-induced threshold shifts. As stated

oreviously, an average attenuation of 15 dB is assumed. Be-

cause these assumptions may not reflect real world conditions,

DOHA has estimated the number of workers protected using less

ontimistic assumptions:

Protector Use Attenuation Workers Protected

100% 15 dB 898,000

10011 10 dB 759,000

50% 10 dB 381,000

One can see that benefits of the regulation are greatly

, u~c with decreacod degrees of compliance ho emlcoyers and

workers. Of course, OSHA's failure to enforce the amendment

also could have negative results.

In addition to the benefits, OSHA also analyzed the costs

ot the amendment.4 In the January 1981 version of the standard

n ncy estimated the costs at $53 per year for each of the

1 m i (,n workers covered by the amendment. This comes to

7 i114on for the production industries. The costs per

%j:0Kor hreak down as follows:

Nol e exnoure mon t,) rin $14.82

Aui iom tric testine $18.00

arr orjtect,rs $ 9. 53

orh r rairlinp, and education $ 8. 17

,arr n~ gsins $ .5?

i:h> r,' e eping 1 59

i e'ra the ,ots pe r worker will be greater for small



"Ti'at 11 , which will need to use consultants, and less

for large companies with ini-house programs.

At the time the hearing conservation amendment was promul-

gated it had been targeted by the Reagan transition team as a

"midnight" standard because it came out so close to the end of

the Democratic administration. One of the new administration's

first actions was to postpone the effective date of the hearing

conservation amendment. The effective date is the date on

which a standard becomes enforceable. Some months later the

American Fetirai n of latr sied ISHA for illegally delaying

the amendmentv f'fe 1Ve d-te. A fter much discussion the

White House all we r- f e or,,visions to go into effect,

whi le hold ioL a'k 'I fv, r f! further deliberation. At

this saint the 1 A 9. -1 ''' ,:n . Finally, on March

1983 the full vLta!i i' r'i ti'u . .f'f ' dive after some provisions

had been m oi fleA and ,ne a , ' i I 01n revoked. 6 At this time OSHA

estimated that the .'v st ad ,been reduced to $210 million per

year from the $270 oriinalily stimated. This would amount to

an average cost per worker of $41 per year. Part of the reduc-

tion is ac-oun ted for by a recalculation, which assumes that

mst empsoyers will choose to rent, noise measuring equipment

rather than purchase- it, and the rest is explained by the revo-

cation of -ertain requi rements. The extent to whioh the bone-

fi ts aI so w i he reduced is u n known. OS. A assumes tIa t they

will not.

Mosrat of h I(lit rs betwon Ianus ry of 1 M)a ad a cl, oC'

1983 reflect ai v' i f't from a siffi c"ation to a perf" rm'an "0

9rlpres en. Mvt if th"" o o,:sivre'ot. reui remeonts, l11 12



the instrumentation, methodology, and calibration requirements

have been deleted, under the assumption that resL ) :iiLle em-

ployers will use acceptable measurement uracties;. -rost -,f the

audiometric test requirements remain, presumably because of the

greater need for standardization. The following is a breif

summary of the amendment's current requirements:

Employers must monitor at least once the noise exoosures

of all workers whose 8-hour average noise exposure levels are

85 dB or greater. Remonitoring is necessary with a change in

equipment or work process that causes a significant increase in

exposure level. All continuous, intermittent, and impulsive

noise between the levels of 80 and 130 dB must be included in

the exposure assessment. Area monitoring is permitted, but

employers must use personal exposure monitring when there is

considerable variation of noise level over time. Workers must

be allowed to observe the monitoring procedures and must be

told about their exposures.

Employers must provide baseline audiograms within the

first year of an employee's exposure to 85 dB and above, and

annual audioFrams thereafter. The tests must be conducted by

trained and competent personnel and supervised by an audiolo-

gist or physician. Tests must be carried out in rooms that

meet the 1969 ANSI criteria for background levels, and equip-

ment must be calibrated according to specific schedules. bor-

kers who experience significant (or in the final version "stan-

da.rd") threshold shifts are notified in writing, counselled as

to the fitting and use of hearing protection, and referred to a

specialist if necessary. A "standard" threshold shift is do-

"I0



fined as an average shift from baseline levels of 10 dB or more

at 2000, 3000, and 4f000 Hz.

Hearing protection must be worn by all workers exposed to

8-hour average levels of 90 dB and above. Employers must offer

hearing protectors to workers exposed above 85 dB, and all- must

be given a variety of protectors from which to choose. Employ-

ers must provide protectors that are suitable for the specific

noise environments in which they are to be worn. OSHA allows

employers to use any of three methods for assessing the adequa-

cy of hearing protector attenuation. The standard recommends

using the Noise Reduction Rating (NRR), which nowadays appears

on the protector package. To estimate the noise level under

the protector the employer subtracts the NRR from the woke'

C-weighted exposure level. If C-weighted levels are not avail-

able, 7 dB must be subtracted from the NRR to obtain the A-

weighted sound level at the ear.

Training and education sessions must be given at least

annually to workers exposed above 85 dB. These sessions must

include information on the effects of noise on hearing, the

purposes and procedures of audiometric tests, and the proper

selection, fitting, use, and care of hearing protectors.

Lastly, employers need to keep records of noise measure-

ments, audiograms, audiometer calibrations, and background

levels in audiometric test rooms. These records must be given

to employees or their representatives on request.

At this time it is difficult to know whether the amendment

will be as effective as OSHA. predicted. Field studies of hear-

ing protectors show that the average attenuation is only about



one-third of the attenuation in the laboratory and the standard

deviation is three times larger.7 OSHA's attenuation assump-

tion of 15 dB is probably at least 5 dB too high and a substan-

tial portion of wearers receive less than 10 dB. The Agency's

loose enforcement policies are not helping to conserve hearing,

although these are subject to rapid reversal with a change in

administration.

Undoubtedly, many American employers have recently initi-

ated hearing conservation programs who would have delayed act-

inp indefinitely, were it not for OSHA's promulgation of the

final amendment. While the 1983 version is not as protective

thio 1'81 standard it is a significant improvement over pre-

1 tI o. While neither version will be as effective as

I'i r ., oise at the source, hearing conservation programs

wi'.l i . . , t Iternative, and in many cases the only method

S. trk-r until the feasibility question is decided,

K. A',,ra. e-',o my revains its health, and OSHA assumes a

,-,ro vicyreiL en forcemen t policy.

1. U.S. Denartment of Lat nr, OSHA, 1981. "Ocounational Noise
Exposure; Hearing Conservation Amendment," Fed. Reg. 46,
4078-41 79.

2. Public Law 91-596, "Occupational Safoty and Health Act of
1970," Section 6.

3. U.S. Department of Labor, OSHA, 1-981. "Occupational Noise
Exposure; Hearing Conservation Amendment," Fed. Reg. 46,
4112-4113.

4. U.S. Department of Labor, OSHA, 1991. "Sccurational Nni7c
Exposure; Hearing Conservation Amendment," Fed. Re. 6
4118-4+125.
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THE PROBLEM OF NOISE FROM THE POINT OF VIEW OF THE LEGISLATOR

Vetere, C.

Ministry of Health - Rome

The bas-, Italian pronouncement on the subject of noise is sec. 659

of the Criminal Code, which imposes a penalty of up to three months'

arrest or a fine of up to 120,000 lire on anyone who disturbs the occu-

pations or repose of other persons by clamour, uproar or noise, by the

abusive employment of sound-producing instruments or acoustic signals,

or by inciting or not preventing the noise made by animals.

The limitations of this rule are manifest: industrial noise is com-

pletely ignored; road traffic noise is only taken into consideration with

respect to the "abusive employment" (not further defined) of acoustic

signals; the parameter to be applied is based on a concept that is sub-

jective, and hence difficult to deter-mine, namely the 'disturbance" of

occupations and repose. It is, in other words, totally insufficient.

The Civil Code has a section on emissions (sec. 844). In the case of

noise, it lays down that the owner of a tenement cannot prevent the entry

of noise, nor of other nuisances, from the tenement of his neighbour,

provided they do not exceed the normal level of tolerability.

in addition to its very vague notion of "normal tole-ability", this

rule has a very narrow sphere of application. Action can only be taken

by the owner, and "in the application of this provision, the Court shall

LPREVIOUS PAGf' MP
IS BLANK %FN



strike a balance between the needs of production and property rights

(paragraph 2). Turning to vehicular traffic, mention may he made ol the

provisions of the Road Traffic Act (Codified in Law No. 393 o 1) 1Jnn

19M,). Sections 46 & 47 lay down that vehicles with engines must be

fitted with devices capable of reducing the noise they emit. Sections 112

& 113 forbid the production of offensive noises when driving, and state

that silencers must always be kept in an efficient condition, and that

acoustic signalling devices must always be used in a moderate manner,

while their employment is forbidden in built-up areas except in cases of

immediate danger.

The enabling regulations (Presidential Order No. 420 of 30 July 19139)

contain two sections that establish the characteristics of acoustic

devices and the ways in which their conformity with the Ia, is to be

determined (sec. 209-13), while sees. 21$ & 215 define the sound levels

permitted for engine noises and the way these are to be ascertained.

These two sections have since been replaced by the more up--to-date FCC

rules (brought into effect by hinistry of Transport orders in keeping

with law No. 942 of 1973), which impose a reduction in the sound levels

permi tted.

The provisions of the romprehensive enac tmnt a. I ih, K (Approved by

Royal Decree No. 1265 of 27 Julv 19W3) can also b,. u>si against nois .

Svcs. 21b 1 217 provide that operations inuti o u.-s I. o!. th M St be

ca rried on away from dwelling places, r ,rs pt. : oitl "11V . .

must b taken on bchalI of the nvighbicurh, d. .A Kqf !: l t ahri-

industries has been approved by th >ii 1 ;i h, t . V I. ' o A, t,

modalities for the determinition o1 nis lit . t , , ti& Mini>try

laid down certain general indicati a ns in its ir , Nl.i ". i'. )

S eptember 1971: noise muts t be-mt..isurtd is the bt un. ri. y a! the I Ia c t y,

-it ground level, and at a distiant equivilcnt t' the l.ight ot its wal l

the suggssted limits are: 60 dB H by day and $0 dB A at night; a te,lr-

au ofi 20 dB over the bta'kgrotiund noise is permitted, subject to a mayX;-



uuM of .*- dB A tt light and ()o d, LM d~iy.

Atiolher rule of illLercst 1,r ouf prescilt purposcs 1S s-c. i1fb at th1

comprehens i ve publ ic sccuri ty tiactricit (approved by I 
t
c , Na. 77

oi lb June 1931), which lays down that noisy an ocll)atilns and tiades shal 1

be suspended during the hours to b fixed by muni cipa by- laws a nd mayor-

al orders.

Turning to noise in buildings, Italy has no rules on soundprool ing

that apply to all types of dwellings. It meroly has reguLations for subsi-

dised buildings and those undertaken by the State (hospitaLs, schools,

etc.), for which circular No. 1769 of 30 April 1966 issued by the Mini-

stry of Works lays down "standards for the evaluation and determination

of the acoustic requirements of civil buildings".

It need hardly be said that current legislation in Italy concerning

noise pollution in habitations and the external environment is both

piecemeal and totally inadequate.

As to the workplace, there are, by contrast, a number of normative

approaches, even in Italy: proposals of the Technical Commission ol INPI

(National Accidents Prevention Board) on "Maximum noisc exposure values

in the workplace" (December 1979); proposal ot the Confederation of

Italian Industry on "Cheching of noise pollution in the workpl ce" (June

1980). Then, of course, there are the international provisions: ISO Recoin-

mendation 1999 "Assessment of occupational noise exposure for hearing

conservation purposes" (1975); the OSHA (Occupational Safety and Health

Administration, USA) rules; the ACGIH (American Conference Governmental

Industrial Hygienist, USA) rules; the BOlS (British Occupational Hygiene

Sociely) rules. It is worth pointing out that these rules are in tact

applit'd, since they are written into the union agreemcets.

Other Italian rules of a more general nature can be found in sec.

2087 of the Civil Code, Presidential Orders No. 303 oI 19)6, No. -482 (,

197- and No. 547 of 19'5, and secs. 9 & 19 of Law No. 300 oi 1970

(orkers' Code), together with some proposals put forward by the Ital ian



Standardisation Board.

Moreover, account may be taken of the EEC's draft directive No. 2332

(Jan. 81) on "Protection of xorkers against the dangers of exposure to

physical and biological agents at the workplace: NOISE". This is well

advanced and it may be expected that regulations governing noise in the

work environment may soon be uniform throughout the Community.

Noise due to air traffic is also the subject of Community directives

whose elaboeation is at an advanced stage. An international set of rules

already exists: ICAO (International Civil Aviation) regulations. The

directives issued by the Italian Aircraft Register are much the same.

As we have seen, dwelling places and the external environment do not

enjoy such extensive protection. The need to establish permitted noise

exposure levels is particularly felt in Italy, since noise pollution in

towns and cities is a cause for growing concern. The same can said with

respect to the large percentage of the population exposed to this form

of pollution.

In recent years, several studies and researches have been conducted

on noise pollution in dwellings and the external environment in Milan,

Turin, Florence, Rome, Pescara, L'Aquila, Bari, Palermo and Catania.

These have revealed the presence of noise values from which it is clear

that somewhat alarming levels of noise pollution afflict wide strata of

the population at variois times during the day, with various adverse

effects on their health.

The noise levels observed in these numerous investigations show that

on many occasions the maximum permittud limits envisaged by the laws of

other countries, or established by international bodies (WHO, ELC, CEC!)),

are being exceeded. A similar picture emerges from research work conducted

in places of work.

For these reasons, a provision reflecting the iwareness of th legis-

lator of the question of noise pollution has been iiserted by th

draughtsman into the enactment establishing the Italian national ieaIth
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NOISE POLLUTION: THE PRESENT POSITION

Aristodemo, F.

Direttore generale del Ministero del lavoro e docente nell'UniversitA di

Roma

Before addressing this congress, which has been summoned to publicise

the research work and studies carried out, and discuss at a high scien-

tific level the problems associated with the serious effects of noise

pollution on all members of society, I consider it both a duty and a

pleasure to convey to all those present the greetings of the Minister

of Labour and Social Welfare, Signor Scotti, who has asked me to formu-

late on his behalf the hope that your work will be proficuous and your

congress a complete success.

To these good wishes I wish to add my own words of appreciation to

the organisers, both for the impressive and extensive participation of'

eminent research workers, and for the sensible way the work of the

meeting has been divided into study groups, so that specific questions

connected with noise can be examined independently. A particularly

cordial greeting to Prof. Rossi, the animator and promoter of the

Congress.

My paper, too, is intended as evidence of my affection for subjects

bearing on the topic of "safety at work", an affection roo-ed in both

my earlier experience as a director of factory inspectorates, always

entrusted with a decisive role in the prevention of accidents and occu-



pational diseases, and in the work of supervision, and also in my ca-

pacity as a lecturer at the University of Rome.

Noise is a danger inherent in all forms of human activity. Con-

structive discussion may thus be called upon to provide useful contri-

butions to the study of noise, including the initiatives to be pursued

at the several national and Community decision-making levels.

Noise is a matter of great topical interest. It represents a high

potential source of danger to all persons exposed to it. In this respect,

its effects are felt by both workers and ordinary persons without dis-

tinction.

Nor can we underestimate the technical difficulties associated with

its containment for the purposes of prevention, especially when an ap-

propriate, organic legislative coverage of the subject is lacking.

Noise has gradually acquired particular importance in step with the

growth of our technology-dominated society, of which it is the constant,

albeit unwelcome companion.

Rapid, tempestuous industrialisation in Italy, particularly since

the war, has quickly raised the standard of living of the population.

At the same time, however, it has brought about a decisive and massive

increase in occupational and allied diseases caused by noise.

Objective assessment of the situation readily shows that the absence

of precise prevention regulations has been one of the prime causes of

this development.

A turning-point with respect to this and other subjects in the field

of prevention has certainly been reached through the gradually increasing

awareness displayed by employers, workers and their organisations, and

public opinion itself, with its growing sensitivity to matters relating

to environmental safety.

The ensuing discussions have elevated questions of life and work

environment safety problems to issues of great moment on the national

level. They have also underlain the passing of the Health Reform Act
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which, in theory at any rate, has introduced a new philosophy and a new

strategy with regard prevention.

In the system delineated by the national health service in Italy,

Law No. 833 primarily approaches the complex subject of prevention as a

matter associated with work accidents and occupational diseases. Stress

is laid on both ambient and collection prevention, these being the sec-

tors in which the Italian legislative provisions were hitherto most

glaringly and notoriously defective. Of major significance, inter alia,

is the provision whereby the State is entrusted with the task of certi-

fying the safety of machines, plants and individual means of protection.

We are here concerned with a typical primary prevention institution

aimed at effectuating, for the first time in Italy, steps that are pre-

ventive in their conception, and not merely forms of correction or re-

pression.

It is clear that certification qua institution will be in a position

to make a decisive contribution to reducing the noisiness of machinery,

tools, etc. before they are built, distributed and employed in manu-

facturing operations. Considerable technical difficulties certainly stand

in the way when radical solutions are sought, especially when the possi-

bility of totally suppressing the noise made by certain machines is

raised. Even so, solutions whose 6riginality and technical and techno-

logical way-aheadness are such that the safety objectives envisaged by

the legislation are attained cannot be ruled out a priori.

Law No. 833 also deals with an equally interesting point from the

prevention angle, namely the detection, ascertainment and cheching of

danger factors in living and work environments through the enforcement

of maximum acceptable concentration (MAC) levels and maximum exposure

limits (TLV) for chemical, physical and biological pollutants and sound

emissions in work and habitation environments, and in the external en-

vironment. A first encouraging application of the principle in sec. 4 of

the Act occurred last month, when these limits were laid down for ex-
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ternal ambient air pollutants. What is important is that this form of

secondary legislation is open to rapid updating or adaptation.

The planning associated with the Act also envisaged the enactment of

a comprehensive measure on safety. This would have rearranged and updated

the current legislation on labour and manufacturing with a view to pre-

venting accidents and occupational diseases, so as to ensure the health

and physical integrity of workers.

The power delegated in section 24 expired some time ago. The govern-

ment has thus lost the opportunity of passing a measure that should and

could have filled in all the main lacunae of regulations going back

almost 30 years. All the previous legislation, therefore, remains in

force. In particular, as far as noise is concerned, the main source is

still Presidential Order No. 303 of 19.3.1956 (once again sec. 24), which

requires the adoption of measures recommended by the state of the art in

the case of operations resulting in shaking, vibration and noise injuri-

ous to workers.

The general terms in which this section is framed, however, has so

far made its exact and complete application very difficult in the absence

of reliable reference parameters.

Enforcement of the provisions of thris section was primarily entrusted

to the "rule-making" power (see sec. 10 of No. 520/1955) of the in-

spectorate of factories prior to the transfer of jurisdiction to the new

local structures.

Through the exercise of this power, supervisory bodies could resort

to the section in the detailed definition of measures most appropriate to

a concrete situation. This special power, however, has been conferred by

Law No. 833 on the local health unit officials responsible for work

safety. The position is likely to get worse, therefore, since reliance

cannot always be placed on the alternative offered by the last paragraph

of section 20, which states that measures for which no specific provision

is made must be carried out jointly by union representatives and the

9.4



employer in accordance with the modalities established by collective

labour contracts and similar agreements.

Another section of the 1956 order - namely section 48 - is also used.

This relates to the notification of new plants. It can be made the oc-

casion for marked improvements in working conditions as far as noise is

concerned, since they can be prescribed at the design stage. it is obvi-

ously easier to introduce health and hygiene improvements before a plant

is installed than when it is engaged in industrial production.

Despite the precarious times that now prevail, the Ministry of Labour

is continuing to work out safety regulations as a contribution to better

understanding of the occupational hazards associated with manufacturing.

Suffice it to mention its numerous circulars and directives on the pre-

vention of specific risks in the building trade and the handling of

chemical substances, etc., together with the many initiatives undertaken

by the EEC.

The preliminary examination of ministry is now undertaking of the

proposed Community directive on the protection of workers against the

dangers of noise forms part of this approach. The proposal itself re-

presents a first, decisive step forward with respect to the defective

Italian legislation, since the aim is to incorporate and innovate the

specific subject-matter with a view to giving rise to a single legislative

text comprising prevention under the several technical, medical and organ-

isational aspects of the adverse effects of noise at work.

During these P..avaux p'tjpaAa-toiAe6, various comments were been made

to improve certain aspects of the text that were felt to be not entirely

satisfactory. The proposal was them reworked, though it must be admitted

that the new version is primarily founded on the contents of the first.

It may also be remarked that substantial agreement has been reached be-

tween government, employers and the unions on the noise tolerability

limit in the workplace, namely 85 dbA, with on exchange rate of 3.

I may add, too, that in the case of insurance against accidents and



occupational diseases the Ministry of Labour has worked out the draft of

a Bill delegating powers for the revision of the comprehensive text of

1965. This reform includes the introduction of a mixed list in accordance

with the Community directives. This will allow for the possibility of

recognising even a non-listed occupational disease when irrefutable proof

of its occupational origin is forthcoming.

In conclusion, one may express the hope that the proposed directive,

intended as it is to bring uniformity on the European scale in a sector

with such vast implications, may soon be implemented in a manner whereby

operators are presented with a modern, strict set of regulations capable

of combating one of the most serious risks of our times as far as both

workers and all members of society are concerned.

Nor should one underestimate the juridical weapon offered to the

government by sec. 4 of Law No. 833, dealing with MACs, since there are no

longer any barriers to its implementation, other than those of a technical

kind, themselves mainly ascribable to the objective difficulties that

undoubtedly exist in this field. In the same way, due weight must be

attributed to a desirable organic enactment covering certification.

Moreover, at this particular time, while several political parties

have put forward requests for the undoubtedly necessary revision of Law

No. 833, it is not proper to overstress its many insufficiences and gaps,

and its numerous failures to do what was expected of it, bearing in mind

that implementation of its most lofty objectives in terms of prevention

must inevitably be gradual.

In my opinion, therefore, we must persevere along the main highway of

prevention traced out by the Act establishing the national health service.

By the same token, this must not be draped in the myth of untouchability

on any occasion when its refurbishing, perfection or correction proves

either necessary or opportune in the general interest.



NOISE-INDUCED HEARING LOSS AND SOCIAL INSURANCE PROTECTION:
EXPERIENCES AND PROSPECTS

Mazzella di Bosco,M.

Occupational Diseases Forensic Medicine Consultation Servi-
ce, I.N.A.I.L, Rome, Italy.

INTRODUCTION

Because of the technological development, noise became

the spreadest risk factor and the one which the largest wor-

kers number is exposed to (1,25).

We admit the otodamaging activity of industrial noise,

or anyway of the working one, can be strengthened, directly

or indirectly, by the living sorrounding sound contamination.

In fact the civil and urban noise looks able:a) to in-

crease the acoustic total charge, expressed in sound conti-

nuous equivalent level (Leq) (24); b) to keep the workers from

taking advantage, during the sixteen hours elapsing between

the different duties, of the "effective quiet" period neces-

sary for the complete reinstatement of the auditory sensiti-

vity, temporarily reduced (TTS) during the eight working

hours (3,9,11,39).

In parallel with therie considerations, and particularly

referring to our country, the noise-induced hearing loss

(NIHL) seem to be the most frequently diagnosed occupational

disease and the one responsible for the highest number of li-

fe - long pensions due to permanent disability.
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STATISTICAL DATA

The NIHL cases compensated in Italy are 91.264, accor-

ding to the data given by INAIL Mechanization and Statisti-

cal-Actuarial Services, and they represent the 40,3% of the

life-long pensions settled for all the occupational diseases.

In Western Germany, where the NTHL is insurance protec-

ted, independently of the kind of work responsible for, the

compensated cases, since the insurance protecton beginninp

up to the whole 1980, are a little more than 19.000 (40). In

France, where on the contrary the insurance protection is li

mited, just as in Italy and in Great Britain, to a few kinds

of noisy recognized works, less than 2.923 cases have been

allowed to be compensated within the 1968-1977 period (8).

In Italy the NIHI compensated workers have been 1.375

during the 1953-1962 period, more than 46.000 during the

1977-1978 period and 12.233 in 1979.

Such a dizzy increase can be chiefly ascribed to the

1977 minimum compensation lowering from 21% down to 11% (25).

Anyway, the NIHL life-long pensions number increased al-

so in other countries; for instance, in the Canadian Distrt

of Ontario, the compensated cases result to be 39 in the 1956.

1960 quinquennium and 5.755 in the 1976-1980 one (1).

The 25% of the compensated Italian subjects in the 1953-

1962 period were from 56 to 73 years old (18); according to

more recent data the starting age class distribution points

out that almost the 58% of people receiving a NIHL life-long

pension are older than 45 years.

Still referking to our country, the percentage disabili-

ty at the moment of life-long pension settlement, which was

on an average of 26% in the 1953-1962 period (18), is-actual-

ly approaching to 11%.



All these data seem to confirm that: a) the NIHL, just

likewise other occupational diseases as silicosis, comes out

or, anyway, is prevailingly denounced during the second half

of the life (22); b) the industrial noise, at the different

ages, can advance and accentuate, up to an indemnifiable per-

centage (7), the reduced auditory sensitivity connected to

the presby cusis in its widest meaning (2) and as "hearing

lose mainly for high tones due to advancing age" (5).

HEARING LOSS PERCENTAGE DISABTITTY ASSESSMENT INCONGRUITIES

In Italy we can freely chose methods and criterions to

check the auditory sensitivity level, to measure the global

hearing loss and to translate it to percentage disability

(24;29; 32).

After the minimum compensation lowering, and whereas du-

ring the assessment we employ a kind of method that privilege

the. little threshold shifts, it's possitle to settle a perma-

nent partial disability life-long pension to workers with a

pure-tone audiometry down to the standard lower limit, which

aren't yet qualifiable as having a hearing loss, according to

the criterions pointed out by some authors and international

institutions (32).

The different methods emploied in our country can attr

bute a percentage disability from a little more than 0 to 15%

to a subject with a hearing loss of 25 dB on 500, 1000, 2000

and 3000 Hz and of 45 dB on 4000 Hz. In fact, the disability

can be differently valued even basing on the same audiogram.

Waiting for all these problems to be re-examined accor-

ding to the EEC directives, we consider as absolutely necessa

ry to adopt a uniform and mor equitable methodology, in agre

ement with the social forces. One of the problems to agree

upon is the reduced auditory sensitivity levels and characte-



ristics to be related to: a) the hearing loss beginning;

b) the indemnifiable hearing loss threshold (11%).

About this question, we have to remind that AAOO distin-

guishes (33) between "hearing impairment", i.e. any permanent

hearing alteration, "hearing handicap", which is an impair-

ment sufficient to affect one's efficiency in everyday life,

and "hearing disability", that means inability to remain em-

ployed at fullwages, and we have also to remind that 25 dB

hearing losses on 500,1000,2000 and 3000 Hz still make audio

gram valued as a normal one (27).

We also want to emphasize that the article n.74 of the

law in force (DPR n. 1124 of June 30th, 1965) defines as per-

manent partial disability the one which endangers partially,

but "in an essential way" and for the lifetime the "attitudi-

ne" to work.

NOISE-INDUCED HEARING LOSS PARTICULAR CHARACTERISTICS

The NIHL is a partial deafness, usually bilateral and

symmetrical (14,37). Its audiometrical outline still has to

be precised (10) and it represents a some way particular kind

of occupational disease. I± involves, in fact, a particulary

quantitative aggravating alteration (32) of a previous audi-

tory condition, which is already declining, because of the

advancing age. Therefore, it's just from the quantitative

point of view that we can define the NIHL as a hearing loss

higher than expected according to the age and presumably

ascribable to the working noise, that's to say "estimated

noise-induced permanent threshold shift", or "age corrected

hearing loss" (4,5,16,35) with some aspects of "premature pre

sbycusis'(7). The irreversibility after TTS disappeared and

the fact that it isn't spontaneously evolutionary after the

noisy work abandonment are among its essential characteristic



(12,35,38).

Besides, the NIHI doesn't look such to jeopardize the

"working ability" (12) or, anyway, it doesn't seriously endan

ger the work course in a noisy surrounding (36).

Briefly, we mean that its influence is especially in the

social field (37) and on the life quality, if of course it

exceeds a certah threshold involving the speech classical fre

quences (19,32).

In the past hearing loss affected people were c( Isred

as particularly suitable to start and/or continue to rk in

noisy places. At present, moral reasons, according wil', .odern

medicine preventive trend, advise against these subjects em-

ployment, or further employment, with the intention of saving

their residual hearing (30,35).

FORENSIC MEDICINE PROBLEMS

All these new situations present different doctrinaire

and practical problems, among other things concerning:

- the relations between auditory function and "attitudine" to

work and between the deficit revealed by the pure-tone audio

metry (ATL) and the handicap resulting from other analysis

or from the questionnaire, and the importance to be given

to the dvfferent frequences relating to their usefulness

to discriminate the words and the noises (19,29,32)i

- Che eventual resort, during the measurement, to a presbycu-

sis correcting factor, which isn't admitted by everybody

(17), but which is considered admissible especially when

the deficit on 4000 Hz (14) is valued important: in the ca-

se of 60 years old workers the hearing loss could depend

upon the age for something less than 50% (6);

- the criterions to be followed when re-examining, on the ba-

sis of a denounced aggravation, ex-workers and subjects



which already abandoned years before a noisy activity li-

sted on the table, or even out of it. Apart from any other

consideration, from a general point of view, even the sim-

ple existence of an aggravation could give birth to doubts:

since the audiometrical threshold, through repeated controls

doesn't correspond to a point, but to a class, a sure aggra

vation should be admissible only when finding a 25 dB swer-

ving on at least one of the considered frequences (34); we

could my that "an apparent improvement is observed almost

as often as a loss" (4);

- ow and when carry out the audiological study, preferavly

without limiting it to the ATL (27,29,33) and the crite-

rions to be applied for the diagnosis and the aluation of

the subjects exposed to NITHL and carriers of otological di-

seases responsible for sensorineural lossi

- the possibility to allow a hearing aid, however useful when

the speech classical frequences are endangered (31), and

the opportunity, or not, to consider, when valuating, the

eventual improvement that it will involve: in INAI, sector

of the actual insurance system the indemnity tends to com-

pensate, of the damage connected with the professional di-

seases, the disability, coming from the "attitudine" to

work damage, meaning the biological earning ability, and

this kind of disability could result unmodified by the hea-

ring aid concession.

In the NTHL case the compensation seems to concern a lar

ger area than the traditional one (26). Moreover, also in the

international field, compensation boards Penerally do not co

pensate each loss of hearing, but only the one involvinp the

understanding of speech, which may therefore be called social

hearing impairment (35); hearing primary function is to ena-



ble the interpersonal relations based on speech understanding

in the usual living conditions (15,32,33). There are also

other problems, which, anyway, cannot find any innovating so-

lutions in the actual laws frame.

INSURANCE PROBLEMS

The NIHL insurance protection (DPR n.482 of June 9th,

1975/item n.44 of the enclosed table n.4) considers 22 kinds

of works, listed letter by letter from A to Z, which are valu

ated noisy and otodamaging.

The 1962 EEC list, on the contrary, proposes the NIHL

protections independently of the kind of work.

The 44th item is lacking of "constitutional completenesq

which is typical of any kind of list or table system, but al-

lows to apply the "cause presumption" criterion, which is

favourable for the workers: a hearing loss, presenting a NTHL

diagnosis compatible audiogram, checked out in a tinker, is

considered as an occupational disease, without beeing necessa

ry a risk existence actual control.

The EEC proposed item, on the contrary, presents the di-

sadvantage to request to give documentary evidence, case by

case, of the real and not episodical exposure to otodamaging

sound levels. The refore it can be difficult to employ it:

a) because of the difficulty to define, from the conceptual

point of view, for all the NIHL and exposure kinds, "risk cri

terions" universally accepted; b) because of the difficulty

when applying them, to precise, time by time, the amount absor

bed by the examined subject. It's well known, in fact, that

a given sound level is not synonimous of damaging exposure

(17), that the equal energy principle (5) doesn't consider

either the acoustic charge temporary distribution or the audi

II)



tory effort recoveries allowed by quiet pauses (28), and that

it doesn't seem to ecist any strict relation between "amount"

and hearing loss (17),maybe and partially because of the Ji-

mits ascribable to the measurements methods (20), and of other

damaging factors co-existence (23).

In fact, the sectortl global protection system effecta-

ble by the EEC itemwhich seems to emphasize the disease

identification rather the risk, is subordinated to a valua-

tion on the borne acoustic charge (25,26). The NIHL can be

distinguished from different aetiology analogous sensorineu-

ral hearing losses only in the starting phase (21), when it

isn't yet felt and denounced. Therefore the diagnosis is

usually formulated by exclusion and basing on the working

anamnesis. In reality, the otologist task could be made ea-

sier by a specialistic and audiometrical tests dossier, su-

bject by subject, such to give information both on their

basic conditions and on their alteration during the working

years (17,25,26).

IURE CONDENDO PROSPECTS

In order to avoid protection lacks, it has been sugge-

sted the opportuneness to complete the 44th item works list

with the reference to any other activity such to expose to

noise of sound continuous equivalent level, equal or higher

than a given threshold value.

The pktkor-9,10'9 Institutions seem to prefer the addition

to the table list of a W: "other works however exposing to

the noise risk"; this is the formula suggested during the

Industrial Medicine Congress, which took place in Sorrento

in 1982.

In the frame of a whole sector more adequate order, an
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agreement could, maybe, be obtained on a new proposal, like,

for instance, to complete the 44th item list (eventually bet-

ter structured and amplified like INAIL Occupational Risks

Ascertainement Technical Consultation Service suggested) by

the reference to other works such to involve certainly otoda-

maging exposures. The chosen formula could be completed by

an explicative note at the foot of the list, like the one pro

posed to revise the table enclosed to the OIL convention

n.121 "for the application the level and the kind of the expo

sure shall be considered" (13).

PREVENTION ALLOWS A BETTER PROTECTION

The "exposure limits" suggested for the noise seem to

"accept" danger coefficients higher than the ones admitted

for any other pathogenic factor: in fact, only unrealistic

levels could guarantee the Corti organ integrity or, atleast,

avoid any handicap to the tender eared subjects (8%, or some-

thing more, of the population), which unfortunately are uni-

dentifiable before beeing started off on the work (30,32,33,

35). We can therefore consider as justified the definition

"risk criterions", and the individual recourse to technical

and medical prevention integrative intervention proves to be

necessary (16).

These interventions can result particularly effective

when compulsory (16); among the other things we remind:

a) the audiometrical controls effected during the first wor-

king years (32,33) allow to identify the tender eared subje-

cts, to be switched to quiet activities before any important

loss can settle; b) analogous periodical controls on the re-

maining working populatical]ow to identify the subjects

which reached the maximum tolerable loss with wgard to their



age and which are in their turn to be transferred to a quiet

department, in order to avoid a sure social handicap at the

pension time (30,35), when the presbycusis complex damage is

growing anrl becomes evident (2,32).

A NTIHL more complete insurance protection will probably

be effected just if we realize in all workinp places the tech

nical prevention, which requires continuous sound level mea-

surements, and the medical prevention, which requires periodi-

cal audiometrical controls (26), the results of both havin7

to be registered on special individual and risk sanitary boo-

klets.
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CONCLUSIONS FOR FUTURE WDRK

von Gierke, H. E.

Air Force Aerospace Medical Research Laboratory, Wright-Patterson Air

Force Base, Ohio, USA

This Congress on Noise as a Public Health Problem is a special

one, as those of you who attended our previous congresses know and

those who attend it for the first time will quickly find out. The

International Commission on Biological Effects of Noise (ICBEN), who

sponsors the congresses, was formed to bring about closer

international information exchange, research collaboration, and

cooperation in the development of practical noise criteria and

protection methods. The commission fosters international

ollaboration in research through its eight noise research teams, who

are in continuous contact during the five years between our

ongresses. However, advancing and reviewing scientific progress has

not been the only goal of the camission. It has also tried to

provide information in a usable form to international organizations

and governments, who are required to originate and implement practical

noise control programs. This effort should lead to a quieter or -

pessimistically expressed - not much noisier future. The informal

contact with politicians, government administrators, and international
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organizations ic maintained by the individual oomission members and

is intensified and reactivated at our congresses. This interaction

should be, and hopefully is, a two-way street. First, it can provide

researchers and team members with a perspective on policy decisions

and legal requirements for protecting people against noise;

consequently, they see the need for specific research solutions.

Second, the administrators and politicians gain an up-to-date status

report on research accamplishments and recomiendations for future

research that should be supported. Therefore, it is nore than

appropriate that this first session of the congress was devoted not to

Noise as a Public Health Problem but to Noise as an International

Public Health Problem.

It was gratifying to hear in this session about the activities and

action programs of the various international organizations and

comissions. We heard about policy decisions and about ongoing as

well as planned research programs. Obviously, despite the fact that

in many countries fiscal austerity overshadowed environmental

progress, several organizations and countries have made considerable

progress since our Freiburg meeting five years ago. The Wbrld Health

Organization's ambitious and extensive program on health aspects of

urban noise including practically all of our earlier recamiendations

on this topic is an example of outstanding international collaboration

and coordination and deserves full support frn all quarters to assure

its execution. The criteria document on noise by WHO (1) presents an

up-to-date and well balanced status report of our current knowledge of

the effects of noise on people. It is, of course, available for

international dissemination and use. The Ccmmission of European
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collaboration between users and producers of the international

standards.

The conclusions and reccmwnendations of the Freiburg congress five

years ago highlighted three research areas deserving international

emphasis:

1. The long-tern general health effects of living in noisy

environments with particular emphasis on noise as a potential risk

factor in the development of cardiovascular disease.

2. Sleep research and research on the psychological and

physiological effects of noise conducted in the field; i.e., in the

real-life environment.

3. Hazard assessment of interrupted and impulse noise.

These priorities were well reflected in the national and

international research programs presented in this session and

particularly those by WHO and CEC. Furthermore, it is gratifying that

with respect to the third problem, impulse noise, international

agreement has been obtained on how impulse noise should be measured

and rated with respect to hearing impairment. It is also hoped that,

despite the need for continuing research, the new standard will now be

used by goverrnents and organizations to assess and regulate imp~ulse

noise hazard. In the other two areas extensive research program~ have

been formlated and preliminary results will be presented in the team

sessions which follow. It is probably still tco early to expect in

these two areas authoritative, scientific guidance for operational

application, on which all of us could agree. However, agreement has

undoubtedly been obtained in some of these areas on research methods,

approaches and standardization which may open the way for later

consensus on assessment of effects and subsequent criteria.



obviously, our primary goal in the coming years must be to support the

efforts presented in this session and planned and started by the

various organizations. These efforts must be supported by ICBEN as an

organization as well as by its individual members. We must support

the program and their goals in general as well as their individual

projects. Furthermore, we mrust encourage research in new areas. In

some of the program just reviewed the potential synergistic effects

of noise and vibration were mentioned. it is important to stress the

close relationship of these two areas, not only with respect to their

action on people but also with respect to their origin and abatement.

This is particularly true in buildings. Although international

standards are available on vibration, as they act on people in

buildings or transportation vehicles(8) or through the use of hand

tools(9), guidelines on the comibined vibration plus noise environment

are missing with respect to health, annoyance, and comfort. Vibration

should certainly be considered when we onduct studies on the effects

of noise on health and on the response of the ccumtunity.

In summiary, it appears that the dialogue and collaboration

between our noise teams and the various international organizations

and governments were effective and productive. I hope that through

the discussions at this meeting it will beccrie clearer to the

researchers what is expected fran them and clearer to the users what

science can realistically provide in the foreseeable future. Working

together, we should be successful in cbtaining continuing support for

our program and in arriving at objective, scientifically,

well-founded standards to be used as tools in national and

international efforts to control noise.



Communities was successful in organizing and prioritizing

collaborative efforts in the sleep disturbance and community response

areas with scientists from various countries participating. Several

reports at this congress came about because of these efforts. The

OECD countries have made significant efforts in the past five years to

harmonize the comprehensive policies adopted by the individual

governments. The 1980 OECD Conference on Noise Abatement Policies( 2 )

reflects this positive effort and documents a realistic assessment of

the international situation.

In between the policies, programs and actions of the governments

on the one side and the research results of the individual scientists

on the other is the extremely important work of the national and

international technical standards organizations. We heard the

overview of the extensive work of the International Standards

Organization's (ISO's) Technical Committee TC43 on Acoustics and its

subcommittee on Noise, which is primarily responsible for work of

interest to this congress. In many instances the recommendations of

our earlier congresses have been adopted in the work of ISO and IEC

(International Electrotechnical Commission). The ISO/DIS 7029 on

"Threshold of Hearing by Air conduction as a Function of Age and Sex

of Otologically Normal Persons"( 3 ) as well as the revision of ISO 1999

"Assessment of Occupational Noise Exposure and Estimation of

Noise-Induced Hearing Impairment"(4 ) reached the essential consensus

state in the last five years and can now form the basis for more

uniform international prediction and assessment of noise-induced

hearing loss. The A-weighted equivalent continuous sound pressure

level was accepted for the time being as the most meaningful indicator

for the prediction and prevention of hearing impairment caused by



noise exposure. This measure has also been accepted by most

researchers and countries for the prediction of the effects of

non-steady state noise and impulse noise as long as the unweig ted

instantaneous peak sound pressure level of these noises does not

exceed 145 dB at the ear( 4 )" ). For most industrial and other

practical applications the latter precaution is no serious

restriction. All scientists will not be completely satisfied with the

comprcmises of these and other standards. Some new proposals and

opinions, based on newly acquired data on the description and rating

of impulsive noise, will be presented at this congress. However,

there are other presentations which support the Leq approach taken in

the standard. The standard adopted Leq for the assessment of the

effects of impulse noise not just for convenience, but also because it

does not appear to overestimate or underestimate most noises, it seems

the best compromise at the present time(5 )(6 ). Probably, five years

or more would be required to reach agreement if new data presented at

this congress would be considered convincing evidence to update or

change our position. The standards on the assessment of community

noise( 7 ) and on occupational noise exposure provided the much needed

basis for the specifications of a standard by IBC on integrating sound

level meters. Hopefully, a standard on personal dosimeters based on

the same agreements will soon follow. One conclusion of the Freiburg

meeting was that use of such standardized instruments was urgently

needed to obtain reliable and ccmparable data on long-term, general

health effects, sleep research and impulse noise. The presentations

by the International Labor Office (ILO) and CEC today pointed out both

the need for the application of these standards and for the harmonious
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Three or five? I refer in this case not to dBA, but to years, and not
to years of noise exposure but the time constant in the exponential growth
of the number of papers dealing with the relation between noise exposure
and damage to hearing, both temporary and permanent, in man and in
experimental animals. My impression is that it has about doubled at each
of our successive Congresses, so "five" apparently wins this particular
battle. But alas, the amount of time and space allotted for my review
remains constant, so the scope must be restricted even more stringently
than at Freiburg. Accordingly, the two main topics to be considered are
(1) progress toward determination of the empirical relations between
exposure and permanent damage, mostly in animals, and (2) developments in
the prediction and manipulation of individual susceptibility to damage as
manifested by studies of both temporary and permanent changes.

Measurement of Damage

One of the main questions that has generated considerable research in
the last decade is: "Noise damage: do we measure it correctly?" Although
most studies of humans have long assumed that the elevation of auditory
threshold for pure tones is the most appropriate indicator of damage, the
lack of agreement between permanent threshold shifts and structural damage
to the cochlea in experimental animals (e.g., Lim et al., 1982; Stebbins
et al., 1979; Ward and Turner, 1982) has led to efforts to find auditory
capabilities that may more accurately reflect the state of the cochlea,
and perhaps, therefore, better predict the ability to understand speech.
Because animals with scattered damage, in the form of destroyed hair cells
(HCs) may have fairly normal thresholds, considerable human research has
been devoted to study, in persons with high-frequency threshold losses
that are probably noise-induced, of such characteristics as difference
limens for intensity and frequency, critical bandwidth, tuning-curve
shape, temporal integration, and tone decay, at low frequencies that
appear to be normal in sensitivity (e.g. Wightman, 1982). However, there
is as yet no convincing evidence that any of these measures is more
sensitive to "latent" damage than the pure-tone threshold; i.e., although
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abnormal difference limens and tuning curves may be found, they occur only
when some PTS has also occurred. A typical report is that by Tyler Pt a].
(1982). Indeed, they may be less sensitive; for example, Syka and Popelar
(1980) found temporal integra~to to be quite unaffected by exposures that
produced 20 to 30 dB of PTS in the guinea pig.

A similar hope of finding a more sensitive indicator of damage than
the hearing at 4 and 6 kHz is what has prompted extensive use of high-
frequency audiometry (10 to 20 kHz) recently. Again, however, the
evidence that would indicate clearly that ordinary noise may produce
damage at these high frequencies before showing any effect at 4 or 6 kHz
is still to be found. A couple of recent studies illustrate that the
question is still debated: Gierek and Biel ,ska (1979) claim that damage
appears at high frequencies first, especially in the first 3 years of
employment, but Osterhaulnel's (1979) data lead him to state unequivocally
that "HFA cannot be used as an early indicator of the traumatic effect of
high-intensity noise." We shall hear more on this question shortly.

And, of course, there is the other side of the coin: threshold losses
at certain frequencies may be found in animals with apparently normal hair
cells in the appropriate place (e.g., Liberman and Kiang, 1978). This has
led to study of the state of the cilia (Liberman and Mulroy, 1982) and of
structures surrounding the hair cells in such animals (Slepecky et al.,
1981; Salvi et al., 1982; Robertson, 1983). However, quantification of
floppiness of cilia has so far not been achieved.

At the moment, therefore, the indicators of damage most employed
continue to be the pure-tone threshold, especially in humans, and hair-
cell destruction in experimental animals, both of which can be quantified.
In experimental animals, obtaining reliable and valid behavioral thesholds
is so difficult that only a few laboratories continue to attempt it,
employing instead passive methods of inferring sensitivity, those based on
computer-averaged electrical responses at various places along the
auditory chain or inferred from study of many single neural units in a
single animal. Agreement between results of brainstem audiometry and
behavioral thresholds seems to be adequate (Henderson et al., 1983),
providing that the proper shape of tone pips is used, even in animals with
markedly frequency-dependent PTS (Borg, 1982a), so no doubt increasing use
will be made of these "objective audiometry" methods.

Whether the "correct" index of damage is some measure of sensitivity
or hair-cell destruction remains an unanswerable question, in the absence
of a validity criterion, so it is not surprising that both have been
measured where possible. Even though correlation may be poor between PTS
and HC loss in individual animals, comparison of groups given different
exposures usually shows that the exposure producing the greater average
PTS also produces the greater average HG destruction, so that such group
data will provide relatively firm evidence as to relative hazard.

Measurement of Exposure

Noise exposures come in an infinite variety of levels, spectra,
durations, and temporal patterns. Attempts to establish a way to reduce
all exposures, or at least most conmmon exposures, to a single number
continue: by field studies in humans, by experiment in the laboratory,
and by decree at the conference table. The likely winner of this race
appears to be the equal-A-weighted-energy theory: the proposition that
damage produced in an initially-normal ear will be some monotonic function
of (1) the amount of A-weighted energy absorbed by the ear during the work



day, provided that this energy is reasonably constant from day to day, and
(2) the number of days, months, or years of such daily exposure. Let me
emphasize that this is not a total-energy theory. A true total-energy
theory would postulate that temporal pattern is completely irrelevant,
while the equal-energy theory is more moderate, proposing only that the
distribution of energy within the workday is unimportant, as long as the
time integral of the square of the A-weighted sound pressure is constant.
In short, the gross temporal pattern of ordinary human exposure--8 to 16
hours of noise with at least 6 hours of quiet--is built into the equal-A-
weighted-energy theory. This is, of course, as it should be, since all
the empirical formulas relating damage and exposure are based primarily on
data that did in fact involve this temporal pattern, and it is the pattern
which still seems to be of the greatest concern.

Human Exposures and Damage

Human audiometric data continue to be gathered. It seems to be a
universal feeling that if a pile of audiograms exceeds a certain height.,
there must be a publication hiding somewhere inside. So cross-sectional
studies continue to appear in which some group of people is alleged to be
losing hearing from noise, but incorrectly so because the measured Hearing
Threshold Levels (HTLs) are either not compared to any control group or,
perhaps even more misleadingly, compared to an inappropriate control
group. In the latter case, a common error is to "correct" each HTL by
using age correlation tables that assume that the average person will have
0 dB HTL at age 18 or even age 25, instead of actual values of HTL
displayed by a sample of individuals not exposed to the noise in question
but with comparable sociacusic and nosoacusic histories (and, of course,
of the same age and sex).

What appropriate control data have become available in the last 5
years? Unfortunately, few actual studies of the hearing of a randomly-
selected non-industrial-noise-exposed population have been reported. A
second study of a random sample of the U.S. population (Rowland, 1980)
again failed to identify those persons who had been exposed to industrial
noise, so that the remainder might serve as a suitable control population
for inferring damage over and above that associated with ordinary living.
The observed values of HTL at 500, 100 and 2000 Hz by age and sex were
nearly identical to those measured 13 years earlier (Glorig and Roberts,
1965) and to those subsequently reported by Gatehouse et al. (1982) in a
random sample of the population of the U.K. Although the new USA study
showed about a 6-dB improvement in sensitivity at 4 kHz (3 and 6 kHz were
not measured) over this period, one suspects that an error in calibration
was involved, probably in the later study, as the U.K. data agreed much
more closely with the earlier USA results. It may be, of course, that the
inclusion in these random samples of a few persons with some industrial
exposure will not bias the results enough to make the median data
inappropriate for comparison purposes. That, at least, is the implication
of the results of attempts by Royster and his colleagues (Royster and
Thomas, 1979; Royster et al., 1980) to measure a semi-random sample of
individuals in North Carolina who had not worked in a noisy industry for
more than 2 weeks. Their results were almost identical to the original
1965 PHS data. Thus for the USA and the UK, one can estimate the
additional PTS caused by the noise exposure concerned, providing the
audiometric procedures were the same as in the surveys in question. The
necessity for an adequate control group from the same country, however,



seems to be underscored by vast differences between the above data and
some control measurements made in developing countries (Oleru, 1980;
Ambasankaran et al., 1981).

When viewed critically in regard to controls, human audiometric data
from cross-sectional studies have provided little new information on the
relation between exposure and loss. Although hearing losses can always be
fdund, they appear to be no greater nor more numerous than controls in,
for example, musicians (Petrovic et al., 1979; Axelsson and Lindgren,
1981), mine locksmiths (Janisch, 1978), modern college students (Carter et
al., 1978), children who live near airports (Fisch, 1981), incubator
babies (Stennert et al., 1978; Winkel et al., 1978; Stewart and
Abramovich, 1979), hearing aid users (Markides and Aryee, 1978), or even
ambulance personnel (Johnson et al., 1980) and fire fighters (Reischl et
al., 1981) who are exposed for short periods to siren noise at up to 115
dB SPL and whose daily 8-hr equivalent levels (L g8 8h ) may near 100 dBA.

Even those cross-sectional studies that do s a relation between
industrial exposure and hearing loss merely confirm the general empirical
relation found earlier--i.e., that on average, 90 dBA of steady noise
produces hearing loss at 3, 4 and 6 kHz, that 85 dBA is associated with a
statistically-significant change at these frequencies, and that 80 dBA is
without effect. Perhaps the fact that an L oBh of 80 dBA is innocuous
should not be particularly surprising, in v o the fact that this is
just about the average daily sociacusis exposure of American adults
(Schori and McGatha, 1978). Indeed, children both in the USA and in
Sweden are exposed to L ) of 85 to 88 dBA in their ordinary
activities (Siervogel e a. 1982; Garding, 1980).

One would hope that results of longitudinal studies of hearing might
be less equivocal, since the HTL at the beginning of the studies would be
at least approximately known. Unfortunately, however, the number of
longitudinal studies is surprisingly small, although this will probably
increase as hearing conservation programs become increasing automated and
computerized. Royster et al. (1980) stress the fact that if no
progression of hearing loss is actually occurring, then a slight but often
statistically significant mean improvement in thresholds (2-3 dB) is to be
expected at the second annual test, some sort of learning effect. A
similar improvement was noted by Smith et al. (1980) and Brown (1982),
although of course by 5 years this learning has been more than cancelled
by presbyacusis, sociacusis and nosoacusis (Pell et al., 1982).

Furthermore, even the few longitudinal studies that have implied loss
over and above that observed in a non-industrial-noise-exposed population
have produced some rather strange results. In particular, a comparison by
Howell (1978) of audiograms taken 6-8 years apart on 449 male steelworkers
who used no ear protection showed that the progression of hearing loss,
which was quite moderate (about 1 dB/year), was independent of the initial
HTL--men with HTLs of 25 dB or greater at the time of the first audiogram
showed neither more nor less additional loss than those with normal
hearing.

The foregoing discussion provides ample evidence that the main trouble
with all studies of the hearing of workers is that their sociacusic and
nosoacusic exposures (a) often are completely unknown, (b) usually can be
only roughly estimated, and (c) always are uncontrollable. Let us turn
therefore to animal studies in which these influences can be eliminated or
at least minimized, so that exposures are known, although the question of
extrapolability of the results to humans complicates the picture.
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Animal Exposures: Total and Equal Energy

If the proposition that damage is a function of the total energy of
the exposure--the total-eneray theory--has any merit at all, it is in
situations in which recovery processes are minimized, namely, for single
uninterrupted exposures. The theory has in fact been shown to apply to
such exposures, but only for short durations of high intensities, i.e. in
acoustic trauma. Experiments with guinea pigs by Voldrich and Ulehlova
(1982) and by Axelsson and Vertes (1982) support this conclusion. To
determine to what extent the total-energy theory was applicable to more
moderate intensities, our laboratory has been systematically exposing
groups of chinchillas, over the past 5 years, to a 2-octave-wide band of
noise centered at 1400 Hz at various levels from 78 to 120 dB SPL and
durations from 22 minutese to 150 days, measuring both behavioral changes
in threshold and HC destruction. The results of these single exposures
was straightforward: equal values of energy gave rise to equal hair cell
damage and PTS for all exposures involving levels below about 112 dB (Ward
et al., 1981). Specifically, the same damage was produced by 150 days at
82 dB, 15 days at 92 dB, 1.5 days at 102 dB, or 0.15 days (220 min) at 112
dB. Furthermore, all these results could be r~presented by a single curve
given by %DOHC =E/25, where E is in joules/m . This growth function
fits fairly well some data gathered by Bohne and Clark (1982) using
increasing durations of 350-700-Hz noise at 95 dB SPL. Thus when recovery
processes are minimized, we find that the damage is determined by the
total energy, although not proportional to it: since the energy is
proportional to the square of the pressure, the damage is proportional to
the pressure (and to the square root of the Iuration). It is interesting
that the just-safe single exposure of 25 J/m is approximately 90 dB for 8
hr.

Ours seems to be the only study that has investigated the total-energy
principle for exposures longer than 8 hr, so that measurable losses can be
produced by moderate intensities. However, several laboratories have
employed daily or standard-work-week exposures, so that a beginning has
been made on the question of the accuracy of the equal-energy theory. In
our case, it was shown that breaking up the 15-day exposure at 92 dB into
45 8-hr exposures given on Monday through Friday for 9 weeks resulted in a
reduction of about half in hair-cell damage (i.e., equivalent to a 6-dB
reduction in level or a 4-fold decrease in exposure time). And, in an
experiment just concluded (Ward, Turner and Fabry, 1983), the same result
was found from 45 0.8-hr exposures at 102 dB. At the moment, therefore,
it appears that the equal-energy theory is quite healthy. However, it
must be noted that these were single uninterrupted daily exposures. A
more convincing demonstration or denial of the accuracy of the equal-
energy assumption will be provided by the results of the next exposure, in
which the daily 48-min exposure at 102 dB will be replaced by 48 1-min
exposures given once every 10 min. I must admit that I cannot understand
why more laboratories are not comparing such multi-workweek exposures of
equal energy, in view of the importance of such evidence in setting
exposure standards.

The workday exposure schedule has been employed by research groups at
Dresden (Herhold, 1977; Kraak and Hofmann, 1977), Syracuse (Henderson et
al., 1979), Michigan (Moody et al., 1978), G~teborg (Borg, 1981), and Ohio
State (Lim et al., 1982), but at none of these places has the question of
equal or even total energy been directly addressed.



Critical Intensity, Acoustic Trauma, and Impulse Noise

That there is a discontinuity in the function relating exposure to
damage, a "critical" point that divides acoustic trauma from what, for
lack of a better term, we may call "ordinary" slow-developing NIHL, has
been clear for decades. It is commonly believed that acoustic trauma
reflects the effects of actual structural failure within the cochlea
(Rauchegger and Spoendlin, 1981), while ordinary NIHL may be a result of
exhaustion of metabolites. One can therefore expect that the rules of the
game change at that point. Can this point, though, be characterized as a
critical intensity (Price, 1981), a critical energy (Erlandsson et al.,
1980; Nilsson et al., 1982), or a critical value of some other combination
of intensity and time? Or, indeed, is the damage induced by supra-
critical exposures so capricious that we despair of ever finding the key
to successful prediction?

Although many exposure standards assume that it is intensity that is
critical, and consequently ban all instantaneous intensities above that
level, there really is no evidence to support such a truncation; with
sufficiently short exposures, even the highest levels are innocuous. For
example, Arlinger and Mellberg (1980) showed that exposure to 120-dBA-peak
40-microsec clicks at lO/sec, so that the L was 95 dBA, did not produce
the slightest effect. The lack of hazard o~q160-dB impulses from cap guns
is also well known. So the critical point is not just dependent on
intensity. Other results, including our own, make it equally clear that
it is not an energy that is critical either: a 22-min exposure at 120 dB
produced massive (85%) hair-cell destruction and over 50 dB of PTS,
despite an energy even less than that in 112 dB for 220 min, 102 dB for
2200 min, etc. In short, we know that the critical point represents
neither intensity nor total energy, and can only hope that 3some fairly
simple combination of intensity and time--perhaps I t or I t, since
intensity seems to be more important than time--will prove to be critical.
Or perhaps there are two critical points (Wagner and Berndt, 1981).

In the meantime, studies in the high-intensity realm continue to show
that present exposure criteria are often incorrrect, even if they fail to
prove the adequacy of some alternative theoretical model, or even to agree
with each other in implications. For example, experiments by Salt et al.
(1981) imply that the hazard from 132-dBA-peak impact noises may be
accurately judged from the energy, but Buck et al. (1980) showed that the
damage produced by an 18-sec exposure to noise at 146 dB (or by a 2-h
exposure at 120 dB, which has the same energy) was much less than from
1800 1O-msec pulses delivered once every 4 sec. In the latter case, the
damage was not reduced, but actually enhanced, by intermittence. That
impulse noise, as from gunfire, is completely different from impact and
steady noises, as Kraak (1982) has long insisted, is also becoming
clearer. Hazard does not increase monotonically with pulse duration but
actually decreases when the duration is so great that Fourier analysis
indicates that most energy lies in the low-frequency (below 500 Hz) region
(Price, 1983). Buck (1983) obtained similar results--i.e., less damage
was produced by 25 pulses with a given peak level but a duration of 1 msec
than by the same number of pulses with the same peak level but a duration
of .05 msec (hence 13 dB lower in energy). The complexity of the problem
of impulse and impact noises, and of crest factor in steady noises, all
complicated by the protective action of the middle-ear muscles, assures
that years of patient and systematic research will be necessary before we
have a good grasp of the role of the critical point. About the best one



can say of this situation is that, at least, an excellent summary of the
factors deterining exposure standards for impulse noise does exist
(Smoorenburg, 1982).

Individual Susceptibility to Damage

Although definitive research on the relation between exposure and
damage must involve a long series of experiments using the same animal,
the same noise spectrum, a fixed temporal pattern, and consistent measures
of damage, study of individual susceptibility to damage may consist of a
single experiment. Therefore such indices of predisposition to damage
continue to be studied intensively, as each experiment can produce another
publication.

TTS. The notion that the ear showing the greatest temporary threshold
shiftTTTS) from a given exposure will be the ear demonstrating the
greatest PTS from a more severe exposure is one that seems so obvious that
it can hardly be questioned. However, no animal studies have yet shown a
reliable relation (e.g., Ward and Turner, 1982), possibly because
individual differences among these animals seem to be less than in humans,
and human studies are always complicated by the fact that we never really
know that, for instance, all apprentices tested before beginning work and
then again several years later have received the same exposure in the
interim. However, to the extent that such an assumption is correct,
Fritze (1981) seems to have shown a highly significant correlation, and
Kraak (1982) claims the same for a study by Reichardt that is as yet still
unpublished.

Gender. Although women generally have less inferred NIPTS than men,
it is by no means clear that this represents an inherent difference in
susceptibility. Welleschik and Kbrpert (1980) argue that because the rate
of increase of HTL with time is the same in men and women of the same age
even though their HTLs differ, it is not the case that men are more
susceptible but merely that their ears "age" more rapidly. This, of
course, tacitly assumes that a change from 10 to 15 dB HTL is "the same"
as a change from 30 to 35, and their conclusion is no firmer than that
assumption. Borg (1982) found no consistent difference in susceptibility
between male and female rats, nor have any been reported in chinchillas,
to my knowledge. So sociacusis remains, in my opinion, still the prime
suspect in this mystery, although an inherent difference in susceptibility
is of course possible. This comment applies as well to the results
reported by Berger et al. (1978), who showed that women working in 89-dBA
textile noise for 10 years accumulate less than 5 dB of inferred NIPTS at
4 kHz, while men working in the same environment end up with nearly 20 dB,
as Passchier-Vermeer's growth curves predict.

Age. Whether or not the young, tender ear is more susceptible, or the
young, healthy ear is less susceptible is still open to question in man,
although the animal evidence seems to favor the "more susceptible" view in
hamsters (Bock and Seifter, 1978), rats (Borg, 1982b), and mice (Henry,
1982). Welleschik and Raber (1978) conclude from the AUVA data that
susceptibility does not change in adults, hearing loss progressing at the
same rate in a given noise regardless of age.

Eye color. Reports continue to show blue-eyed noise workers to have
worse hearing than brown-eyed ones (Carter, 1980; Carlin and McCroskey,
1980; Carter et al., 1981), although no differences are found in children
(Roche et al., 1983). However, the differences are always small and so
have little practical significance although the role of melaninization of



the cochlea may prove to be an important clue to the nature of the process
of noise damage.

Conductive loss. Although it is possible that some types of middle-
ear problems may render the inner ear more susceptible, on average a
unilateral conductive loss is associated with less sensory damage, a
conclusion recently reaffirmed by Chung (1978).

Cigarettes and whiskey and... Although Robinette and Brey (1978)
indicated a slight enhancement of TTS by alcohol, we (Ward and Cushing,
1977) found no such effect, although variability of the listeners'
responses increased markedly. Thomas et al. (1981), reporting a study
conducted in 1963, indicate that naval aviators with impaired hearing
(greater than 50 dB HL at some frequency) smoked 25% more cigarettes than
those with normal hearing. This was confirmed by Chung et al. (1982), who
showed a 5-dB mean difference in HTL at 4 kHz between the heavy smokers
and non-smokers among the noise workers of British Columbia. There have
been no studies in the past 5 years relating sexual activity and hearing
loss, despite Fosbroke's observation 150 years ago, in one of the first
discussions of susceptibility, that "some deaf people find their ears
colder and deafer post coitum, an effect produced by other causes of
general diminution of vTgo-r'-(Fosbroke, 1830).

Although bad habits seem to enhance susceptibility, do good o;:es
reduce it? Apparently not. Willson et al. (1979) found no relation
between 28 different indices of healthiness based on circulatory and
gastrointestinal functions and hearing loss. Even good thoughts help only
a little; Bosshardt and H~rmann (1979) had difficulty in showing a
difference in effect between a desired noise and an undesired one.

Blood pressure. In studies of susceptibility, all too often it is
naively assumed that ears with hearing loss must have been the more
susceptible, those still normal less so. That is, differences in noise
exposure at work and in sociacusic influences are assumed to be
negligible. This questionable assumption has characterized much of the
study of the relation between hearing loss and cardiovascular function
(e.g., Sanden and Axelsson, 1981). Although the major concern has been
with whether or not noise can cause hypertension, a question that belongs
to a different Team at this Congress, it could be that hypertension will
increase susceptibility to noise damage. So several studies of workers
with hearing loss and varous blood pressures have been published, most of
which show an insignificant correlation anyway (Lees and Roberts, 1979;
Malchaire and Mullier, 1979), although Manninen and Aro (1979) are able to
find a theoretical explanation of why workers with moderate losses had a
higher average blood pressure than those with normal hearing, but those
with severe losses did not. More convincing is the work of Borg (1982c),
who showed that rats rendered hypertensive by putting a clip on one renal
artery suffered no more damage from his 10-dB noise than normal rats. So
even though spontaneously hypertensive rats show more damage than normal
ones after a life of exposure (Borg and M~ller, 1978), the increased
damage is not caused by the hypertension.

Aspirin. McFadden and Platt~meier (1983) believe that they have shown
that aspirin increases susceptibility. However, their experiment provides
a striking example of how data on allegedly synergistic effects must be
interpreted with great caution. One of their listeners showed a TTS of 12
dB after a noise exposure. Then he was subjected to high doses of
aspirin, which raised his resting threshold by 18 dB. At that point the
noise exposure was repeated, and his threshold after exposure was 7 dB



higher, or 25 dB above the original pre-exposure threshold. Was this an

example of synergism? It depends on whether the "TTS caused by the noise"
is defined as being 7 dB, as I would say, or 25 dB, as McFadden
insists--i.e., whether that TTS is less than the 12 dB in the first study,
which would imply no synergism, or more than 12 dB, indicating synergism.
Obviously animal experiments involving permanent damage are necessary to
resolve the issue.

Pneumatization of the mastoid. Every 5 years, someone once again asks
if degreee of pneumatization of the mastoid has any effect on
susceptibility, apparently a quaint notion that has persisted since the
turn of the century, when industrial hearing loss was believed to be
caused largely by bone-conducted sound. The answer, of course, is always
"no" (Rotermundt, 1981), although surgical removal of that mastoid
certainly can pose a hazard to hearing (Sorri et al., 1982).

Species differences. A most important aspect of any work with animals
concerns the relative susceptibility of different species, if the results
are to be legitimately extrapolated to man. Saunders and Tilney (1982)
have recently summarized the evidence on various animals. It is clear
from the accumulated data on the chinchilla that it is much more
susceptible than man to permanent damage, perhaps largely because of the
much slower recovery processes that are always found. Indeed, this
delayed recovery may mean that the chinchilla will not, in the last
analysis, be a good model in which to study the effect of intermittence.

Amelioration of Effect

At the last Congress, the most promising medication for effective
treatment of acoustic trauma was dextran, a low-molecular-weight substance
whose injection lowered blood viscosity, thereby presumably increasing
cochlear blood flow and accelerating recovery processes. However, an
apparent bias could be seen in the reports acclaiming its effects, due to
seltction processes used to determine which victims of acoustic trauma
were to receive dextran. This suspicion was confirmed by Eibach and
Borger (1980), who found that treatment of any kind--they had four
different combinations of injections, including dextran, and of ingestions
of various witch's brews--had no more effect on degree of recovery than
observed in a control group given oral glucose and injections of neutral
saline.

However, the hope that increased cochlear nutrition will lead to
enhanced recovery lives on in the form of carbogen. Carbogen (95% oxygen
and 5% carbon dioxide) was shown by Joglekar et al. (1977) and Watter et
al. (1980) to reduce the temporary and permanent damage produced by a
given noise exposure in man and chinchilla. Although the human portions
of these studies suffered from an error in test order (TTS while breathing
normal air was always measured first), which is why I ignored the Joglekar
et al. study five years ago, experiments by Patchett (1980) and by Brown
et al. (1982) tend to confirm the advantage of carbogen, and Fisch (1983)
got encouraging results with it in treatment of sudden deafness. It is
possible, then, that there is a'better treatment for acoustic trauma than
simple quiet. However, the importance of quiet is emphasized by Voldrich
(1979), who exposed guinea pigs for 5 min to a narrow-band 1-kHz noise at
145 dB SPL, followed in half the animals by 30 min of 90-dB noise, in the
other half by quiet. The extent of cochlear damage was about three times



as great in the animals in which acoustic trauma was followed by the
otherwise innocuous 90-dB exposure. This may well be one of the most
impnrtant experiments in this review period, if his interpretation is
correct: i.e., that the structural damage inouced by the high-level noise
allowed mixture of endolymph and perilymph through tears in the merh hane
that normally separates them, and that these tears will heal more slowly
while the cochlea is in even moderate continual motion. The criti:<
exposure level may well be the one that produces such breaks in the rgan
of Corti.

Conclusion

After this quick overview of about 15% of the papers dealing with
noise-induced hearing damage since 1977, it is difficult to see just how
our picture of the forest has been affected by these particular trees.
Perhaps the major points are the failure to find a good psychophysical
correlate of slight cochlear damage; the growing realization that
sociacusis plays a more important role in determining the "just safe"
exposure than previously believed, and that indeed it may be the source of
most of what has traditionally been called presbyacusis (Lehnhardt, 1978);
the success of the equal-energy theory in predicting permanent damage from
all but impulse noises despite its failure to predict temporary threshold
shifts; and the increased emphasis on the concept of the critical
intensity in interpreting acoustic trauma. However, progress is also
being made in areas whose discussion was precluded by temporal restraints,
such as determination of the physiological substrate of TTS, evaluation of
hearing protectors and improvement in techniques for ensuring their use,
and the utilization of hearing aids by persons with noise-induced hearing
losses. We shall heir about some of these areas, as well as the ones
discussed earlier, during the rest of the morning.
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MEASUREMENT AND RATING OF IMPULSE NOISE IN RELATION TO NOISE-INDUCED
HEARING LOSS

Passchier-Vermeer, W.

Sound, Light and Indoor Climate Division
TNO Institute for Environmental Hygiene, Delft, the Netherlands

INTRODUCTION

Since the Third International Congress on Noise as a Public Health

Problem, held in Freiburg (1978), impulse noise has been of international

concern several times. In 1980, an International Symposium on Effects of

Impulse Noise on Hearing was organized in Malmo. This symposium has been

extensively reported in Scand. Aud. Suppl. 12 (1980) [I]. One of the

most important results of this symposium has been the quantitative

definition of impulse noise.

In 1981 an international Workshop on Impulse Noise was held in

Southampton (reported in [2]). The main aim of the Workshop was to get

sufficient support from experts in several countries for the revised

vtrsion of the International Standard ISO R 1999. Considering the

present state of knowledge the Workshop recommended further research

with respect to impulse noise in the industrial and military situations.

tfhe importance of the problem of impulse noise exposure is obvious from

the l~ot, Beranek and Newman study, reported in BBN report no. 3271
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(1976) 13]. Tiiis report shows that 70 % of the production workers in the

U.S.A. are (occasionally) exposed to impulse/impact noise in industry.

At the same time, the assessment of impulse noise exposure in relation to

noise-induced hearing loss is a complicated problem. On the one hand the

impulse noise phenomenon have complex physical characteristics (peak

level, time history, frequency spectrum, repetition pattern) and usually

the exposures of people-vary widely from day to day. On the other hand,

even if the present exposure can be described satisfactoryily, the

exposures of the workers in their past are difficult to assess.

Apart from the importance and the complexity of the problem of impulse

noise exposure, the question still stands whether further research is

necessary. In the following chapter this question is answered in the

affirmative.

Due to the complexity of the problem, it would be vcry advisible to

start a co-operation in this field between a number of Institutes. To

realize such a co-operation, a Dutch proposal for international research

was presented to the Directorate General of Labour (DG V) of the

European Communities at the end of 1981. Unfortunately, no financial

priority could be given to this initiative. This congress in Torino seems

to be the next opportunity to realize a co-operation. One important step

further would be to come to an agreement on a rating method of impulse

noise exposure. Such a method has been proposed in the third chapter of

this paper. The method is as simple as possible and the measurements can

be carried out with generally available equipment. The method has been

tested in several industrial situations. At the congress, the results

thus far obtained will be shown.

Since it was strongly felt that a rating method together with the
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resulting measuring method should not be too complicated, the method does

not take into account the time history (rise time/decay time) of impulses

nor the spectral distributions. The method is limited to a rating of

(equivalent) sound levels in dB(A) and to a simple description of the

repetition pattern of impulses over a work day.

IS IMPULSE NOISE MORE DAMAGING THAN CONSTANT/
FLUCTUATING NOISE?

In'the ISO Standard R 1999 (which was issued in 1975 [4]) the basic

quantity for the assessment of noise exposure with zespect to hearing

damage is the equivalent continous sound pressure level over a representa-

tive work time T (LAeqT in dB(A)). In this paper, LAeqT will be expressed

shortly as equivalent sound level. In ISO R 1999, a work week has been

chosen for T. According to ISO R 1999, the equivalent sould level is the

descriptive factor for all different types of noise exposures at the work

place: exposure to noise which is constant, fluctuating, intermittent and/

or contains impulsive components. However, for exposure to impulse noise,

a penalty factor of 10 dB(A) has to be added to the equivalent sound level

measured or calculated. This means that impulse noise with a given equiva-

lent sound level is supposed to cause permanent noise-induced hearing loss

which is equal to the hearing loss from exposure to constant noise with an

equivalent sound level of 10 dB(A) higher.

At the moment, ISO R 1999 is being revised. Also in the revision (ISO/DIS

1999/1) [51, LAeqT has been taken as the basic quantity for the assessment

of noise exposure with respect to hearing conservation. T is now taken as

a representative 8-hour day. In principle, no penalty factor for impulse

noise exposure is to be used. Only the following restrictions are made in

ISO/DIS 1999/1: "Caution should be applied in the case of impulsive noise.



The prediction is based primarily on data collected with essentially steady

noise. The application to impulsive noise represents at present the best

available extrapolation. Some users may, however, consider impulsive noise

up to 5 dB(A) more harmful than steady noise". Therefore, compared with

ISO R 1999, a decrease in the penalty factor for impulse noise exposure

from 10 dB(A) to at most 5 dB(A) is proposed. The consideration about

this decrease is that measuring equipment has improved so much ow-r the

last years that nowadays the equivalent sound level can be meAsured

without any measuring error in any situation, while formerly noise

measurements were carried out with a sound level meter at slow response,

giving an underestimation of the equivalent sound level for impulse noise

measurements. Although ISO DIS 1999/1 did not get much support from the

Member Bodies of ISO, the comments hardly concerned the assessment of

impulse noise exposure.

Two critical comments, concerning impulse noise assessment in both docu-

ments, have to be made.

Firstly, even at the moment there are only a few investigations allowing

definite statements about the long-term harmful effects of impulse noise

exposure.

Secondly, in the documents the term impulse noise exposure is not defined.

Under firstly: On behalf of the Workshop about impulse noise held in

Southampton W. Passchier-Vermeer prepared an outline of the relevant

literature 16j. Table I gives the result. In 1981 there turned out to he

only eight publications concerning noise-induced hearing loss from impulse

noise, with sufficient data to compare these noise-inductd hearing loss

figures with those from constant noise. And even for Guberan's publication

it is questioiable whether the data should be used. At least, the



Southampton Workshop decided that these results should be deleted, since

the investigation was not considered reliable. The Table includes more

recent publications by Bovenzi and by Evans

Original figures of I Aeq,8h(imp) were 114 and 118,5 dB(A) resp.

Based on a private communication from Sulkowski to lempert '9' the

figures were adapted accordingly.

NIL,: 'Noise Immission level, equal to L Aeq,8h(imp) + 10 log T, in which

T is the total duration of exposure in years.

The table shows the names of the authors of the ten publications, com-

prising 17 groups of workers exposed to impulse noise or a combination

of impulse noise and constant or fluctuating background noise. The type

of industry or more detailed the type of activity with which the publi-

cations deal are also given. The third column gives the equivalent sound

level of the impulses over a typical work day (indicatod by I Aoq,8h(imp)).

The noise-induced hearing losses of each of the 17 groups are compared

by the authors with the noise-induced hearing losses which would have

been caused by exposure to constant noise with an equivalent sound level

equal to the total equivalent sound level to which the groups were ex-

posed. Relations for constant noise are taken from 181 and [19J.

The table shows that half of the 17 groups examined are exposed to

impulse/impact noise from dropforging. This type of exposure is charac-

terized by the large number of impulses/impacts per work day. The number

of impulses/impacts reported varied from 6000 to 80 000 on a work day

(repetition frequencies from 0.2 to 3.6 Hz).

The last columns of the table show that impulse noise with equivalent
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fable I: Comparison of noise-induced hearing loss from exposure to a

combination of impulse noise and background noise with noise-

induced hearing loss from exposure to constant noise.

Type of NIHL from exposure to impul-
industry/ I (imp) se noise and background
utopType of noise compared to NIH from

activity constant noise with the sam
equivalent sound level ovt
the work day

more NIHIL equal NIHL less NIHI

Voigt [73 building 76-100 X

Sulkowski [8] dropforging 109.5" X

" " 112.5* X

i " 100 X

Passchier-
Vermeer [101 metal 90 X

1' metal 93 X

Rangelrooy [111 metal 98 X

" metal 92 X

Ceypek [123 dropforging I1& X

Atherley (131 trimming 117-127NIL X

" fettling 1I2-120NIL* X

Atherley t141 dropforging 110+118 X

Guberan [151 dropforging 100 X?

dropforging 90-100 X

dropforging 90 X?

Bovenzi 1161 punchpress ing 95-97 X

Evans 1171 metal 93-9h X



sound levels of 100 dB(A) or higher causes noise-induced hearing losses

which are more or less equal to those caused by constant noise with the

same equivalent sound level. Impulse noise with ian equivalent sound

level over the work day of at most 100 dB(A) gives in all situations,

except one described by Rangelrooy, more hearing damage than should he

expected from the relations for constant noise. The exceptions presented

by Rangelrooy concerns the only situation in which the contribution of

the impulses to the total equivalent sound level was lower than the

contribution of the slowly varying background noises. Apparently, the

hearing losses in this situation seem to have been caused mainly by the

background noises, whereas an extra hearing loss from the impulses has

not been caused.

As an example, to make these results understandable, a model of the noise-

induced hearing losses as a function of the equivalent sound level is

presented in Figure f.

Starting from the dose-effect curve for constant noise, the curve for im-

pulse noise exposure is shifted by 10 dB(A). Above 110 dB(A), the same

noise-induced hearing losses are caused by constant and by impulse noise.

Maximum differences in noise-induced hearing loss occur between 85 and

95 dB(A). Therefore, although some researchers prove that exposures to

very high equivalent sound levels result in the same noise-induced

deafness, irrespective of whether people are exposed to constant or

impulse noise, this toes not necessarily apply to exposures to lower

equivalent sound levels.

To the opinion of the author insufficient data about the harmful long-

term effects of impulse noise are available at the moment, to give a

definite statement. The data so far available show that caution should be



applied to the assessment of impulse noise, since xposurc i I l sc

noise in tile range most re evant for herin nc oservat ion progralms (SI

to 100 dBtA)) may be more damaging than should Ie expected from thc

equivalent sound level measured. tlnly further research will possiblv he

able to give a definite answer 'n the question whether impulse noise is

more damaging than constant or fIlu:tuating noise.
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Figure 1 -Noise-induced hearing Inss from exposure' to impulse rlis,
and from exposure to constant noise.

RAV'ING METHOD)

1. What is an impulse?

D~uring the Workshop on impuls~e noise in MalmP; a work dc'tinition of all

impulse was given based primarily on common sense and available equipment.

Before giving this definition, a new terml should be introduced: Singtle

e vnt n o~ise exposure lev el in d HtA) tIL Ax

Ax



The LA- val1ue of one imrpulIse is equal to the eqiiva lent sound 1level I in

dB (A) ) referred/normal i zed to One Second. For instaince, if an imuLlIse

lasts for two seconds and the equivalent sound Icy(, duiring, these two

seconds is equal to x dfitA) , then the 1, A- vaue is equlal to X + IdlA

Would the duration have been Is , then 1, wold have been x - '3 dB h)
Ax

In this way, the eergy contents of impulses can be- compared by comparing

their 1, - values, i dent icallyv to the compar ison of equivalent sound
Ax

levelIs of di fferent noi so exposure.

In Malmo, an impulse was defined as a sound with:

L - 1 15 dB(A)(1)
A,peak \x

1LA,peak is the maximum sound level occurring during the measurement.

1,ApL c an be measured with a sound level meter set at peak or peak hod

(weighting time 50 - 100 ;.s) or with an osci il 05001, both eqiipped wit th

an appropriate microphone.. For industrial impulses/impacts it could he

shown that both types of equipment give(near lv) identi, ci) resil t,, -'01

21, 22], '23-,.

If a number of impul ses occur during the measuirement of 1 ,t II 'T

Ax, (n imp) = ,A + 10 log n(21

where I. (n imp) is the measured 1. -vluNe t fter a nweasuring tine.
'\x ,t Ax ,t

in S(-Otltd5) in which nt impulses occur.

1 . I Ht i i1i)ti1ii so I Ioi s5c exposure?

1'l'lIY, it Work pkiccs, eXp)Osure to iIpulses is accompanl:jied Iby. cxpoiturc

inColstaint o)r fi uctiat i g background noise. The totall equjijvalent sound



level to which people are exposed is determined then partly by the impul-

ses and partly by the background noises.

I eq(imp)/ 10 L~eqT(bg) / I0

LAeqT(tot) = 10 log [ 10 + 10 L ((3))

in which: L Aeqr(tot) is the total equivalent sound level over a period T

: LAeqT(imp) is the equivalent sound level over a period T due to

the impulses

LAeqT(bg) is the equivalent sound level of the background noise,

in the absence of the impulses, over a period T.

The difference between L AeqT(imp) and LAeqT (bg)is indicated by v:

LAeqT(imp) - LAeqT(bg) = v ((4))

The following tentative division can be made:

v>5 : predominant impulse noise exposure (LAeqT (tot)-L AeqT(imp)-)

-5<v45 combined exposure

vK-5 : predominant background noise exposure (LAeqT (tot)-LAeqT bg),l)

Possibly, further research may show that the values of v equal to +5 and

-5 dB(A) are not the best dividing figures.

Anyhow, the "impulsiveness" of a noise exposure is characterized by v.

Further research will have to determine whether noise-induced hearing loss

is dependent upon v. Unfortunately, the publications given in Table I

could not be analysed in terms of v.



3. How can the repetition pattern of impulses be described?

Impulses may occur in a regular or irregular pattern during the work

day. Impulses which occur regularly, such as in dropforging, riveting,

ticking in a machine, surges of escaping compressed air usually are

induced mechanically/electrically. These impulse trains may occur during

the whole work day (that is with punch presses) or a part of the work day

(namely riveting). Examples of impulses with an irregular pattern are

those caused by hammering at metal or wooden objects, dropping of metal

objects or in general impulses that are generated by isolated events.

Usually these events are induced by manipulations of people [231.

The occurence of impulses can be characterized, according to 1231 by

- the total number of impulses per work day (N)

- the total time (in seconds) of the work day during which the impulses

occur (T') (For isolated impulses which may occur during the whole work

day, the total time T'is 28 800 s (8 hours)). For regular impulses the

repetition frequency can be calculated by dividing T' by N.

MEASUREMENTS OF THE RATING VALUES

In the foregoing chapter the following rating values were introduced:

1 A,peak - LAx, LAeqT(tOt) , LAeqT(bg), LAeqT(imp) , v, N and T'.

rhe integrating sound level meter allows a direct measurement of the

equivalent sound level during any preferred measuring time during a work



day. If care is taken that the dynamic range has been adjusted correct ly,

the integrating sound level meter can be used for the measurement of

1I (tot) of all types of noises, including impulses. Most integrating~Aeq'r
sound levels also have adjustments for measuring .A,peak-values and

L Ax-values. If background noises are negligible, the measurement of LAx

of impulses is straightforward. However, if the situation is such that

the impulses are superimposed on relatively high background levels, then

the measurement of LAx is rather complicated.

If LAx,t is the measured value over a time t (in s) then:

L L + 10 log t/ t : I s ((5))LAx,t A Leq,t t

Further, analogously to ((I)) the following equation is applicable:

L Ax,t (tt)/ 10 L Ax, t (imp)/ 10 L Ax, t (bg) / 0 ((6))

10 = 10 + 10

in which L Ax,t(tot), L Ax,t(imp) and LAx,t (bg) are the measured L Ax-values

over a measuring time t related to the total noise exposure, the impulses

and the background noise respectively.

In general, two situations can be distinguished:

the background sound level (LAeqT(bg) is known. If this level is much

lower than the equivalent sound level of the impulses, 1Ax can be

directly determined from LAx,t by using ((2)) and the number of im-

pulses n during the measuring time. If the background noise level is

not negligible, the measured value of 1Ax,t will in part be due to the

background noise and in part to the impulses. The contribution of the

background noise (LAx,t(bg)) can be determined then from L Aeq,t(bg)



and t by using ((5)) and L Ax,t(imp) can be calculated from ((6)) and

LAx from ((2)).

the background sound level is unknown. This may occur when the impulse

noise source cannot be switched off/taken out of order and the impulses

are so freqbent that noise measurements during the time between the im-

pulses cannot be carried out; then L should be measuted at leastAx, t

two times and tb results analyzed numerically or graphically.

When the LAx-value of the impulses is known, LAeqT(imp) can be calcu-

lated according to:

L (imp) = L + 10 log N dB(A) k(7))
AeqT Ax

in which T is expressed in seconds.

The values of N and T' can be determined by using, for example, level

recorders, from which N can be determined for isolated impulses and T'

for impulse trains.
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INTRODUCTION

Most of the noise to which people are exposed is complex in

its nature with large changes in frequency and temporal compo-

sition and this is particularly the case with impulse noise.

There is a great need for a simplified presentation of sound

levels for the assessment of the effects of noise on the hea-

ring of man as well as for the control of maximum acceptable

levels e.g. in industry.

Based on empirical data on man, mainly from continuos noise

studies, criteria with limited validity have been suggested

(e.g. the ISO 1999 standard), which do not take the character-

istics of impulse noise into account. On the other hand, the

CHABA-report 1968,suggested a criterion for evaluating the re-

lative hazard of impulse noise based on the peak pressure, the

duration, and the number of daily exposures. However, in sever-

al countries modifications of the CHABA criterion are being

used because the CHABA report was partly based on insufficient

data (Smoorenburg,1982). The Equivalent sound level,L is the

• I



result of efforts to simplify the evaluation of noise data. The

introduction of the quotient q=3 is an electroacoustical simp-

lification leading to a simple integration of energy over time

in order to get an approximate equivalent steady state equal-

energy level. Martin (1976) presented a typical set of data

that is said to support the specific theory. In one example of

hearing loss at 4 kHz in a population of drop-forgers,the level

variation between the 25-th and 75-th percentiles is 22 -32 dB.

There is a similar variance in the data on most workers presen-

ted in similar studies (Burns and Robinson,1970). Much of the

variability might be due to the fact that in most instances we

do not really know what energy or what acoustic properties have

entered each ear, particularly when data are based on station-

ary noise measurements (Hikanson et al, 1980). Besides the de-

velopment of a permanent threshold shift (PTS) is not a linear

function either of sound pressure level or frequency. Even if

linear relationships may be found within limited areas, extra-

polations outside such areas may lead to misinterpretations.

The effect of noise on the hearing of man is complex and it is

well known that biological variations, which perhaps are here-

ditary, contribute to the sensitivity differences. The indivi-

dual sensitivity to hearing damage caused by impulse noise as

well as by continuous noise has to be considered. Until we can

control the entire auditory history of the subjects it is not

possible to control the variability due to individual factors.

In man it is hard or even impossible to find known exposures

whose effects can be measured, and for this reason we must use



animals whose exposures can be controlled, it is not possiblu

to run experiments in man which might cause mechanical destruc-

tion to the ear or result in hearing loss.

In our studies of the relationship between noise exposure and

permanent damage we used the guinea pig as a test subject, and

evaluated threshold shifts and/or hair cell destruction as

indicatozs of damage.

The aim has particularly been focused on the effect of systema-

tically varying the different parameters of noise viz. intensi-

ty, time, and frequency on the permanent damage.

MATERIALS AND METHODS
Since the start of the experimental part of the project we have
consistently used a strain of half-inbred pigmented blackeyed
female guinea-pigs. In 450 animals we have never found any
signs of otitis media or hereditary disease and there is a very
low spontaneous hair cell loss. Details of the exposures and
damage evaluations are described elsewhere (Erlandsson et al,
1980, Nilsson et al,1982) In short, groups of 5 guinea pigs
were kept in a circular wire-mesh cage and exposed simultane-
ously to noise directed from above. Pure-tones of two different
frequencies were used as continuous steady-state stimuli. The
results of these experiments were evaluated after four weeks by
computing the permanent morphologic damage done to the inner
ear. For the impulse noise studie6 a synthesized click filtered
through an equalizer and fed through an exponential horn was
used. With this set-up it was possible to vary only one of the
independent noise parameters at a time. Four weeks after noise
exposure the VIlIth nerve compound action potential (CAP) was
measured using tonepips for determination of the signal thres-
hold (Nilsson and Grenner,1983) and the cochleae were then pre-
pared and microscopically analyzed for hair cell loss (Nilsson
et al, 1983). One unexposed controlanimal was processed with
each exposuregroup. All results were compared to the pooled
estimate of all control animals.

RESULTS AND DISCUSSION

A direct comparison was made between pure-tone and impulse

noise exposures at either 38 or 152 Pa2 h equal total energy.

The different parameters are given in Table I. The extent of

inner ear damage in the apical turn (Turn 4) did not vary as a
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function of sound intensity and was therefore not take.n 111to

account, It is apparent that the loss of IHC and of OHC was 2-4

times greater in the animals exposed to impulse noise compared

to the animals exposed to pure-tones at both the energy levels.

The occurrence of pillar cell collapse gave a contrary impres-

sion with a 4-6 times higher value in the pure-tone exposed

guinea pigs compared to a very small number of collapses in the

impulse noise- exposed animals

Table I. Morphological damage to the inner ear in Turn
1-3 of groups (n=5) of noise-exposed guinea-pigs.

Exposure energy: 38 Pa2h 152 Pa 2h
type : Pure Tone Impulse Pure Tone Impulse
freq.(kHz) 1.33 0.8-2.5 1.33 0.8-2.5
Int.(dB SPL
or L ) 102 102 108 102
duration: 6h 6h 6h 24h

Inner H C loss (n) 15 66 45 179
Pillar C Collapses 23 6 28 5
O H C loss,%,mean 2.7 5.5 5.3 20.7

SD 0.6 4.4 2.5 7.3

Not shown in the table is another feature of difference between

the two types of exposures i.e. the radial pattern of hair cell

loss. This refers to the finding that with pure-tone exposures

more OHC are missing in the 1st row than in the 2nd and 3rd.

With impulse noise exposures more cells are missing in the 3rd

than in the ,st or 2nd OHC-row (Nilsson et al,1980).

Very few comparative experiments are available in this context.

The pure tone is a very specialized form of exposure and the

ocurrence of rifts (pillar cell collapses) could be due to this

fact. The described type of radial cell loss pattern is in

agreement with previous findings following pure tone exposures

(Robertson and Johnstone, 1980;Cody and Robertson,1983), where-

I (C



as Ward (1981) found a pattern similar to impuls" noise wh-n

using a cont inous double octave noise band. One explanation for

the observed differences may have come from Stockwell (1969)

who noted that according to their results the OfiC 7 was damaged

most at higher exposure frequencies and OHC 3 most at lower

stimulus frequencies

There is of course also a spectral difference to take into con-

sideration when comparing the two stimuli. The frequeoncy of

the pure tone stimulus is centered in the middle of the hijh

energy part of the spectrum of the impulse which is located

between 0.8 and 2.5 kHz.

However, it seems justified to compare these two types of sti-

muli when considering the basic question concerning the total

energy rule and its validity. In this context the results in-

dicate a more injurious effect of impulse noise at correspon-

ding equivalent sound levels and total sound energy.

In fig I two series of pure tone exposures with diffe-rent

frequencies, 1 .33 kHz and 3.85 kHz are plotted with the OHC-

loss percentage as a function of sound intensity. Three find-

ings are apparent: a. The chanqe in sound intensity between 102

and 114 dB SPL did not result in any significant difference in

OHC-damage. b. A Critical level,above which damage and individ-

ual variability increased in a nonlinear fashion seemed to

exist somewhere between the stimulus intensities 114 and 117 dB

for the experimental parameters used. c. Above the critical

level there is a difference in damage extent as a function of

frequency.



Also in the figure are given the the means and Standard ,rro

of the mean (S.E.M.) of CAP-threshold shift in the 10 ears Crom

the five animals of each impulse noise exposure group as a

function of stimulus intensity. With this kind of dama,, mea-

surement the occurrence of a critical level seems to be appar-

ent at roughly the same total energy. The Leq was changed by

means of varying the repetion rate by the impulse, which means

that the repetition rate was very high at the 117 dB exposure

(1,400/min). This high repetion rate is close to being regard-

ed as a continuous noise, but according to the definition of

impulse noise LAPeak - LAeq > 15 dB (Erlandsson and Jonasson,

1980) it could still be regarded as impulsive.

40 % OHC-ioss C1 40

30 30

20 Invd"s Noise seres 20-

/ ,

10 A 10
Puwe tone series

* 1.33 kHz -

9 385 kHz

96 102 108 114 117 120

Fig.1.Mean value and Standard Error of the Mean (S.E.M.) of
percent total OHC-loss (pure-tone series) or mean CAP-threshold
elevation for frequencies 2-8kHz (Impulse Noise series) for
groups of guinea pigs (n=5) as a function stimulus intensity.
Exposure duration was 6 hours for all groups. Impulse Je(Iak
level was 131.5 dB. The Leqof the impulse noise was varied by-
changing the repetition rate of the click stimulus.
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The existence of a critical level is fairly well recognized

(Spoendlin and Brun,1973; Ward,1981 ). As earlier emphazised

this level seems however not to be a function of intensity

alone but also of the stimulus time (Erlandsson,1980).

The relation between time and critical intensity seems to fol-

low the equal energy concept.

In the pure-tone exposures there is not a monotonic relation-

snip between OHC-loss and stimulus intensity, whereas there is

a weak but steady change in CAP-threshold as a function of in-

tensity change for the impulse noise series. The difference be-

tween the groups in our study may he difficult to explain be-

cause of the uncertainty in how loss of OHC correlate with

increase in auditory threshold.

In fig.2 only results of impulse noise exposures are given. All

6 hour exposures are the same as those illustrated in fig.l.

This is compared with other impulse noise exposures where dura-

tions instead of intensity were changed in groups of guinea

pigs. Thus two different total energy functions are achieved,

one by changing the noise intensity, the other by changing

exposure duration. As indicated in the figure the slope of

these regression functions are different.

At the energies corresponding to the critical level earlier

discussed two more exposures were performed: one exposure where

the 114 dB exposure was performed during 12 hours instead of 6

and one 117 dB exposure using 3 instead of 6 hours. The results

show a definite threshold crossing at the total sound energy of

1200 Pa2 h. However, reduction of the exposure time to 3 hours
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wi th the 117 dB-xposure qa'p a nor -, t, 

177dB h6

IU ,I 12h

I 7rJM h

*102dB*6h

:1021JB*3h

- 1143136h

So,,d Energy

95 11 IQ 38 /6 1,1' f', 120C Pi" h

Fig.2.Mean and SEM-values of CAP-threshold ele-vation (mear
value for frequencies 2-8 kHz) as a function of total sound
exposure energy for impulse noise-exposed guinea pigs. Regres-
sion 11: ns are calculated for the 6-hour series exposed to
intensities below 114 dB Leg and for the 102 dB Le -series.
Impulse peak level was 131.5 dB at all ex[osurcs.

114 dB 6h exposure (p<0.01). This is once again an argument

against the equal-energy concept and could be due to the fact

that at the critical level of energy the intensity might be the

first determinator of damage.

We have described earlier tho steeper slope in damage caused

by extending the exposure time compared to increasing the sti-

mulus intensity viz. below the critical level (Erlandsson,

1980). The implication of the difference in the slopes of the

curves could be that different damage-mechanisms are in effect.

The equal energy trade between intensity and time seems to be
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valid only if one restricts the range of intensit-1 or du ra tior)

in fig. 31 the results of a comparison between two grou,-ps u:

animals exposed to the Same basic st imulIus, (a 'h ammerb I w on

wood'-impulse, peak-level=131.5 dB, L eT= 10,2 dIB,o-xlpOsul- dTural-

tion 12 h) are given. One group was exposed in the anuchoic:

chamber and the other group in a hard-wailed (concre2te-) room.

The B-duration in the anechoic chamber was 54 ms and in the-

concrete. room 90 ins. The difference in the reverberation did

not,however, reflect in a higher L eq in the measurement of the

exposures of the hard-walled room.

Reverberant exr)OS~jr -

Anechor. exprsuwr

19 25 6-1

1 15 16 2 2~5 3.15 4 6 8 in 1.5 16 2

Test freque(ncy kHz

Fig.3. CAP-threshold elevation (mean and] SEM-valuos; n=10) as a
function of the tested 1/3rd-octave frequencies between 1 and
20 kHz. At each exposure a grouip of five guinea pigs were used.

There is however an apparent difference in CAP-threshold eleva\-,

t ion between the groups I fig. 3) i nd icat ing a more pronounced

h-6



damage in the animals exposed in the reverberating room. Regar-

ding only the descrete frequencies tested, the threshold shift

is only significant at 10 kHz (p<0.001). Taking all frequencies

from 4 - 12.5kHz into account, the difference between the

groups is significant at the 1% level. The finding is in agree-

ment with Hamernik et al(1980), where these authors found very

significant changes in the damage with only slight changes in

the microstructure of the impulse, when considering both a re-

flected component as well as differences in the reverberation

phase of the impulses.

FFT-analysis performed on both exposure occasions did not

reveal any significant difference between thew two stimuli,

which however ,might be due to the properties of the FFT-analy-

sis.
CONCLUSION

The attempt to use a measure such as the Leq - the equivalent

energy value - is an oversimplification. When comparing stimuli

of such extremes as pure tone with impulse noise we have found

that impulse noise seems to inflict worse damage than does con-

tinuous pure-tone exposure - even at corresponding equivalent

sound levels. The difference is even more striking when only

the total energy is taken into account. These two kinds of

stimuli yield different damage loss patterns which may be

caused by different kinds of mechanical events in the cochlea.

For both types of stimuli a critical level, defined as a total

energy exceeded, could be identified at roughly the same level,

600-1200 Pa 2 h. However, higher intensity seems to have a more

potent influence on exceeding the critical level than has long-



er exposure duration. Below the critical level any change in

exposure duration seems to induce a different change in damage

than does a change in stimulus energy.

Comparable exposures performed in anechoic and reverberating

situations, not unexpectedly, gave rise to a difference in

damage. However, there was no difference in the noise para-

meters ordinarily measured.

The experiments performed indicate that the equivalent sound

level, L , proposed with the q-value = 3 is an approximation
eq

with several limitations. A thorough understanding of these

limitations might contribute not only to a deeper insight into

the relations between exposure and damage but also to more

efficient hearing conservation programs.
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HEARING LOSS IN 'JLAVL S ,ND P() '-ti ,"

COMPARATIVE .-TUUY ON THL [FFV f,-
IMPULSE NOISE

Sulkowski, W.J., Kowalska.S. uld L pov',r.

Audiology Department, Institute of cc,,pi t : , :' ,
t6di, Poland

INTRODUCT I01

Since the original proposal by Martin and Atherley

/1973/ who have extended the equal energy concept /Durns and

Robinson, 1970/ from steady-state noise exposure to evaluate

industrial impulse ioise in terms of its equivalent energy

value, still unexplained question remains whether impulse

and continuous noise have basically similar effects. The

subject is of great importance in the process of developing

procedures for the most appropriate estimating potential

auditory hazard which as regard impulse noise makes the

weakest point in present-day hearing conservation strategios.

Several studies, namely those by Atherley and Martin

/1971/, Guberan et al. /1971/, Atherley /1973/, Ceypek et al.

/1973/ including the rapidly repeated impulses of industry,

generated by drop-forging, stamping, pneumatic chiseling

have shown an essential equivalence of effect to that of an

alike quantities of energy from steady-state noise.



Passchier-Vermeer /1981/, analysing the above mentioned data

and others from the relevant papers /Rangelrooij, 1977,Voigt

et al., 1980, Sulkowski, 1980/ have concluded that exposure

to impulse noise with a very high equivalent sound level/Li /

of 110 dB-A or more does result in noise-induced hearing los-

ses which are about equal to those from exposure to constant

noise, and on the other hand Leq- s over a workday of less

than 100 dB-A does cause larger changes. M1aximal differences

in hearing losses from impulse noise or constant noise occUr

- according to the analysis by Passchier-Vermeer /1931/ - at

equivalent sound levels in the range of 85 to 95 d3-,,.

The significantly larger hoarinc threshold shifts aftnr

impulse exposure than after constant steady one were found

among others by Dieroff /1961/, Acton /1980/ and Herhold

/1980/; in the latter case concerning temporary threshold

shift experiments in animals the difference vcac an approxima-

tely 6-fold. Other investigations, both of temporary thre-

shold shift /TTS/ and permanent threshold shift /PTS/, have

evidenced that for the same average hearing loss,impulse noi-

se produces a wider spread of effect than does steady-state

noise /Hamernik and Henderson, 1974, Kershaw et al., 1976/.

Particularly excessive variability was observed in the field

survey of impulse noise by Kershaw et al./1976/ and in our

own reports /Suli:owski et al.,1980;Sulkowski and Lipowczan,

1982/.
Also, similarly to the clinical and field research, the

patomorphological studies of the inner ear structure in

animals have proved much greater variations of individual
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cochlear damage with impulse noise exposure as %jell as viorsa

damage as that produced by a steady-state noise /Opocndlin,

1976, Nilsson et al., 1980, Cody and Dohnstone, 1980/.

Unfortunately, the above quoted comparison of the results in

losses due to two different kinds of noise failed to show

any dependable distinguishing characteristics either, except

slightly different radial patterns of outer hair cells dama-

ge /Nilsson et al., 1980/. On the other hand, in the case

material of human temporal bones by Hawkins and Johnsson

/1976/ there were seen a few signs to be argued that the

pattern of injury by impulse noise including degeneration of

cochlear hair cells in the first quadrant of basal turn may

differ meaningfully from that produced in the second

quadrant by continuous noise.

Some data suggest that perhaps there exist the distinct

mechanisms of damage to cochlea due to both noises which

differently influence permanent threshold shift; it is pre-

sumed that a moderate-intensity of about 100 dB SPL con-

tinuous noise develops mainly an biochemical deficiencies,

while instead of an impulse noise induces mechanical destruc-

tion through a violent motion of the cochlear partition

/Dieroff, 1980/. The assumption is supported by a few evi-

dence reported for both monkeys and humans that there are

basic differences too in the course of the physiological

processes underlying TTS from continuous and impulse noise,

resulting in the non-linear recovery pattern in the latter

/Luz and Hodge, 1970/. If those two mechanisms could be



proved it may connote that different laves covern th.

relation between exposure and e fect for the two forms of

cdamn,. Cy i-, hoiever, tharc x not ,et ;y clr':r defen-

s;ible videncc to s;cpara-te inpv-,Ja and 2tocdy-etato ;.5.,

or their effects. Ths , further re5aarcv shevl< >, Covt

on the rc cani;mn of noiso-incIc:.c-i hcarinj loss cD an PTS

/TTS o;-mr.rnnta are coiioidzrec le ss dircw-t ;rvdlctor-/ vs.

nozc(; o-posure do>u-rosponse relit

The study ,,reontod, Wh:li.,e-vea data -n no_.±c f.vels

and pcrmanent threzhold ohi ftu ot :orkp.;-aas bain 0 a r0,r-

3ontative o' ar.iol:s of stoady-rtote an(: irplilso noises is

intended as a contribution for the bettor understandinr tho

hazards of both types of oxpos,!re.

SUBJECTS AND METHODS

Two groups of "Jorkers, each constisting of only males
and matched as closel' as possible for age and their years
of duty in the different noise exposures with the sane equi-
valent sound levels, were employed. There worc 112 cotton
weavers /mean age 41.5 + 10.3 years, mean exposure time 19.0
+ 10.4 years/ vs. 64 drop-forge hammermen /moan 3e 42.6 +
10.5 years, mean exposure time 17.8 + 9.6 years/. As a ruTe,
they did not use ear protectors. Noise free population of
the 169 age - /mean 35.2 + 12.1 years/ and sex-matched per-
sons of the industrial ad-inistrative staff served as con-
trols.

All subjects were rigorously screened during otolaryngo-
logical examination; those with previous occupational or
environmental noise exposure, medical history revealing con-
ditions which may be related to a hearing impairment, and
those with ear pathology were excluded from the final sam-
ples, Next, the pure-tone air and bone conduction audio-
metric tests were performed by a highly expercienced techni-
cian before beginning each workday in a sound booth ensuring
measurements of 0 dB/ISO/ hearing level. The audiometer used
vias a manually operated Peters AP 6 with TDH 39 headphones
calibrated daily according to ISO standards.

To assess the noise characteristics at workplaces of
the subjects, field recordings of noise were made and then
a laboratory analysis was performed; the special procedure



used for evaluation of impulse noise by means of a Druel and

Kijaer computerized data processing system has been

described in details el.sewhere /5ulkowski, 1980, Sulkowski
and Lipowczan, 1082/.

NOI3E EXPOSURE CONDITIONS

The continuou3 steady-state noise, as seen in Fig. 1,

found in the cotton weaving mill was mainly produced by the

work of picking motion of the shuttles; it had typical wide-

band spectrum and the equivalent A-weighted level was 101.8

do-,.

WEAVING MILL

d B Ofo .,,& Kjsr

110-__

100-
90- - , , , , , , , , ,

200 400 600 800 1000 ms
Fig. 1. Tine history of continuous steady- tate noise in the

cotton weaving mill.

Nearly the same, namely 100.4 dB-,% was the equivalent

continuous noise level of impulse noise in the drop-forge,

calculated according to tho Martin and ,therley /1973/

method; impulses were oenorated by iron hanmers ,4ith a stro-

ke force of 100 tons foIling from a height of appro.x.imately

1.5 n on an iron anvil; t'cy were characterized by the



following parameters /average values/, as illustrated in
Fig. 2: peak pressuro lovol 110.7 dB, rise t.nc 0.3 ris,

impulse duration 30 ns, repetition rate per second 3.64,

background noise level 92.1 d"-A,, total number of impu]ooc

per day 80 000.

DROP FORGE

&--20 40 60 80 100ms

0 1 2 3 4 5kHz

Fig. 2 - Time history and spectrum of impulse noise in the
drop-forge.

AUDIOMETRIC S1IRVEY

A summary of the group results obtained from two noise

exposed popul.ations against controls is shown in Fig. 3, as

the mean hearing thresholds with standard deviations. It can

be seen that the locus of thn n8xir;U, o1 tho mcan loss in

I i 6.



thosc exposod to C-tc:7'"-';t .tc notsi :r:cm-rr~ 4

versus greatest dip at 6 kHz in the impulse noise exposed

workers. By contrast, tho mean audionetric curve in controls

vjas a quasi-flat and a slight high-frequency elevation of

thresholds may be related only to usual eIects ot aging and

sociacusis. Furthermore, the noise exposed groups showed

much greater intersubject variability than controls resulted

in a standard deviation within 20-24 do in the 3-3 kHz

frequencies range /against 0-15 do in controls/. But the

scatter of values was approximate in both noise exposed po-

pulations.

WEAVERS FORGE HAMMERMEN CONTROLS

MEAN AGE 425±10.3yrs MEAN AGE 42 .6±10.Syrs MEAN AGE 352±12.1yrs
MEAN EPOSLIFE TIME 19.8±l4yrs MEAN EPOSURE TIME 178±9.6yrs

00
20 °'° 20 20

_j 40 40 40.

0

n 60 RvSo-o 60 I k 60w 60
r 80 80 80N:112 N= 64 K 169
o 100 100 100

' 0.125 02505 1 2 34 68 0125 025 05 1 2 34 68 0.10Q2505 1 23468

FREQUENCY (kHz)

Fig. 3 - flean hearing threoholds /-/ vith standard devia-
tions / - -/ in weavers and forge hammermen versus
controls.

It is also apparent ,rom the Fig. 3 that hearing loss

in hammermen was significantly greater than in weavers in

the overall range of pure tone test frequencies and for

instance respective mean values at I kHz were 20.0 do vs.

12.3 dO, at 2 kHz 34.3 dD vs. 18.8 do, at 4 kliz 52.3 dO vs.

46.0 do and 50.U do vs. 39.1 do at 6 kHz.



Next, the Qata collected were grouped according to the

duration of exposure and the age of subjects and appropriate

mean hearing thresholds have been plotted in Fig. 4-6, sho-

wing again worse damage in hammermen. As expected, the

subjects of both noise exposed groups gradually over a period

of years developed hearing losses which significantly in-

creased with length of employment and consequently with aUG.

WEAVERS ( N=112 ) FORGE HAMMERMEN ( N=64

FREQFNCY {'Z FREQUENCY (kHz)
02% 05 1 2 34 6 8 0':5 025 05 1 2 3 4 5

QL' ':o7 \0 F \
L" _ T_ _T_ _ __T$ 1 -3 rSN: 0- -lo -

CC 20-

30

'. -59yrs(N-30)

,? tO50
c 60 " > ~~~~60yrsfN 2)60 , %9r.:={.

-~60 - 4{%

7Cf  70-

80 
Bo0

Fig. 4 - Mean hearing thresholds in weavers distributod by
years of exposure compared with those in forge
hammermen.

As can also be seen from the data, contrary to the age

related changes, the hearing loss due to noise jrowed more

rapidly in the younger age groups and apparently stabilised

with advancing age.

The development o.k hearing luss in weavers compared

with that in hammermen as a -urction oi exposure time is



WEAVERS ( N=112 ) FORGE HAMMERMEN ( N=64

FREQUENCY (kHz) FREQUENCY kHz)

01 5 025 05 1 2 3 4 6 8 0125 025 05 1 2 3 4 6 8
1 I I I I I r II
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23- 5yrs(105
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S
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8018
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Fig. 5 -Mean hearing thresholds in weavers distributed by
age groups compared with those in forge harmermen.

shown in Fig. 7. Besides a striking difference in the rate

of permanent threshold shift there is clearly seen that its

growth in both noise exposed groups turned out to be extra-

ordinarily fast at first and next it slows down progressi-

vely throughout the whole of the subsequent exposure; only

at 1 kHz the time course is very slow from the beginino to

the end and rather linear with years of work experience; ths

resulting hearing loss at this test frequency is slight

against more severe losses at 2, 4 and 6 kHz. The signiii-

cantly largest threshold shift develops at these ,rcquencies

during the initial 10 to 15 years of exposure both in wec-

vers and drop-forge hanmorr-in, after which it tends to slack

up nalting the audiorctroc curve more smooth.



CONTROLS (N=169 )
FREQUENCY (kHz)

0.125 Q25 0.5 1 2 3 4 6 8
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0-J20 04ys(=)
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cr
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Fig. 6 - Mean hearing thresholds in controls distributed by
age groups.

CONCLUSIONS

Reports of comparative exposure to continuous steady-

state and impulse noise in the field conditions are rather

sparse duo to such objective reasons like difficulties with

selection of age - and length of employment - matchcd popu-

lations not yet making full use of hearing protection, and

the best of it is a hardness to find a sinilar, corparablo

noise exposurcs.

In the study presented at do sucueed to sjrnou;t the

obstacles and two screened and matched sa;,iplos wl cotton

wcavers and drop-forgc harrm-n oxpoud to Zypic i
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shown in Fig. 7. Besides a striking difference in the rate

of permanent threshold shift there is clearly seen that its

growth in both noise exposed groups turned out to be extra-

ordinarily fast at first and next it slows down progressi-

vely throughout the whole of the subsequent exposure; only

at 1 kHz the time course is very slow from the begining to

the end and rather linear with years of work experience; thc

resulting hearing loss at this test frequency is slight

against morc severe losses at 2, 4 and 6 kHz. The signi~i-

cantly largest threshold shift develops at these frequencies

during the initial 10 to 15 years of exposure both in wea-

vers and drop-forge hannermen, after which it tends to slack

up mal:ing the audiomntric curve more smooth.



WEAVERS VS. DROP FORGE HAMMERMEN

0- 0

20 20-
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EXPOSURE TIME IN YEARS

Fig. 7 - -aun hoariing throsho.ds at 1, 2, 4 and 6 dl: in
weavers versus forgc haimrermen as a function of
exposure tin,.

industrial stcady-state and irmpuluc noise rucpoctivl',, ot

t;lc sane Leq, na:,,oly about 100 d-,, viere carelully tostud.

The results obtained suggust t ht hearin U loss wihatovor

is stedy-stacc noiso-inducod or iJipulse one has a quite

3irilar timo course but a diflerint oxtent of the rz,to, in

spite of the saiio energy content of the both kinds of

I , ,]



exposure. Fully-doveluped permanent thresholi shiit occurs

in the both cases after 10-15 years of duty cnd then rather

tabilizes, reaching an asymptote by 20 years or so. It is

worth of note, however that the shiit is substantially loss

in weavers. The other significant finding which emeroes from

this study is unlike audiometric configuration in weavers

versus drop-forge hammermen, observed as a group trend. It

could be mean that impulse noise tends to produce greatest

loss centered at 6 kHz, while continuous steady-state expo-

sure results in a 4 kHz maximum. One may suppose therefore

that the two classes of noise act in a different manner and

their effect upon hearing, at least at equivalont sound level

of 100 dD-A is diverse. Then, it seems rather not much reaso-

nable to treat impulse noise as a part of "temporal" conti-

nuum of noise and to assess an auditory risk on the basis of

the energy concept. In the light of our comparative study it

is apparent that the impulse exposure of parameters descri-

bed above is more traumatic than the steady-state one of the

same L and the impulse noise-induced hearing loss is noteq

at all proportional to the amount of A-weighted sound energy.
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ACOUSTIC REFLEX AMPLITUDE IN RESPONSE TO CONTINUOUS NOISE AND
IMPULSE NOISES WITH THE SAME ENERGY CONTENT.

Rossi, G.

Department of Audiology, University of Turin, Turin, Italy.

OBJECT OF THE STUDY

The object of the present study was to assess the amplitude of the

stapedius muscle reflex contraction after subjection to fa~igue in the

form of an equal amount of acoustic energy administered with different

modalities. For this purpose use was made of a continuous white noise,

and bursts of white noise at several cadences.

MATERIAL AND METHODS

Five males and 5 females aged 20-25 yr with normal hearing were

examined. Their air conduction tone threshold was not higher than 15 dB
HTL for all frequencies between 125 and 8000 Hz.

Tests were carried out in a silent chamher with the subject seated
in an armchair fitted with a head-restraint to prevent accidental alter-

ation of the correct position of the sensor of the impedance meter. The

data recording and processing equipment was located in an adjacent room

so as to leave the subject in complete isolation. The test was run on the
right ear of five subjects and on the left ear of the other five.

Signals were generated by an Axoplaid MK VI adapted to receive data
with outside software appropriately designed to obtain the type of stimuli

required.

The Amplaid MK VI was connected to an Amplifon 702 impedance meter.

This was adapted for connection to a Tektronix Model 5111 oscilloscope

with 4 memory tracks for on-line recording of input data and monitoring

of the output signal (fig. 1). A 220 Hz tone was used as the probe.

A standard TDH 39 headset was directly connected to the Amplaid MK VI

stimulator.



-- -I -

Fig. 1 - Instrumentation schematic.

Two types of stimuli were employed:

a) continuous white noise (90 dB SPL p.e.)

aa) 200 msec bursts of white noise with a I msec rise and fall time.

Six different burst exposure modalities were used (Tab. n' I)

Cadence Pause Intensity No. of stimuli

b) 0.2/sec 4,800 msec 104 dB SPL p.e. 180
c) 0.5/sec 1,800 msec 100 dB SPL p.e. 450

d) I/sec 800 msec 97 dB SPL p.e. 900

e) 2/sec 300 msec 94 dB SPL p.e. 1,800

f) 3/sec 133 msec 92 dB SPL p.e. 2,702

g) 4/sec 5o msec 91 dB SPL p.e. 3,600

Tab. n* 1 - Burst exposure modalities.

Each fatigue test lasted 15 min. The intensity (L) was worked out

in such a way that the same total energy content of the continuous white

noise was delivered, irrespective of the cadence (fig. 2), using the

formula:

L 
= L -lO log (NT)

eq To

while the number of impulse stimuli (N) was obtained from:

To
N-

T +T
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o. 4800;1800;800;300;133;61

_ _msec

To

900,000 msec

Leq: 90 diE SPL p.e.

Fig. 2 - Modalities of the six different burst exposures used.

A Revox M 3500 microphone was used to determine the spectrum of the signal

supplied by the ear piece. It was found that the maximum acoustic energy

was delivered at frequencies between 1,500 and 4,500 Hz (fig. 3).

50 08

976 19531 3906 781 25 1568 5 3121 6250 12500 H;

Fig. 3 - Headset signal spectrum (log scale FFA).

Contraction of the stapedius was detected during the continuous white

noise test by interrupting the stimulus for I sec every 5' and evaluating

the contraction amplitude when stimulation was resumed. The reflex memo-

rised on the oscilloscope was photographed with a Polaroid camera at the

start of the test, and after 5, 10, and 15 min. The photos were then

enlarged 8 times to obtain more accurate measurement of the traces.

Amplitudes were evaluated in arbitrary units on transparent graph paper.



RESULTS

The data were expressed as percentages of the values observed during

acoustic repose prior to stimulation. The means for each experiment are

indicated in Tab. n' 2 and plotted in fig. 4. In the text they are ap-

proximated to the nearest whole number. The findings in subject n' 5 are

presented in fig. 5.

Start After 5 min After 10 mmn After 15 min

Continuous

White Noise 100 79.89 80.32 64.83

Burst Cadence

0.2/sec 100 97.45 93.22 94.89

0.5/sec 100 98.57 90.86 89.91

I/sec 100 85.80 73.71 65.78

2/sec 100 69.82 70.84 64.96

3/sec 100 43.23 42.40 38.02

4/sec 100 24.38 16.46 10.08

Tab. n' 2 -Mean % changes in acoustic reflex amplitude.
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Fig. 5 - Findings in subject n' 5.



After 15' continuous white noise, there was a 35% reduction ampli-

tude. The bulk of this decrease (20%) occurred in the first 5 min.

When bursts were administered, the pattern was much the same for

cadences of 4,800 and 1,800 msec (i.e. one signal every 5 sec and every

2 see). The respective maximum reductions were 5%, and 10% at 10' and

again at 15'.

Different patterns appeared when cadences of less than I sec were

used. When the pause was 800 msec (I signal per sec), the decrease in

amplitude was similar to that observed with continuous white noise:

14% after 5', 26% after 10', and 34% after 15' (35% after 15' continuous

noise), though it was more regular and time- related. With a pause of

300 msec (2 stimuli per sec), the reduction was 30% at 5' and 10'. At

15', it was 35% - the same as at the end of both the continuous and the

I stimulus per sec tests.

Significant patterns were noted in the last two burst tests. With

a pause of 133 msec (3/sec), there was a reduction of 57%, followed by

582 at 10', and 62% at 15'. Lastly, with a 50 msec pause (4/sec), the

reductions were 76%, 84%, and 90% respectively. It is clear that at 15'

muscle contraction was virtually abolished.

CONCLUSIONS

These results suggest that,in our experiments,decreases in acoustic

reflex amplitude in response to protracted noise with the same energy

content, depend on the way such noise in presented. If the interval

between each stimulus is at least 1,800 msec, there is virtually no

decrease in amplitude.

When a pause of less than I sec is allowed between stimuli, on the

other hand, after 15' a mean reduction of about 35% is observed when

L or 2 stimuli are presented per sec (pauses of 800 and 300 msec re-

spectively). Further shortening of the pause leads to even greater

reductions: 64% with a pause of 133 msec (3 stimuli/sec) and 90% (i.e.



virtual abolition of contractility on the part of the stapedius) with a

pause of SO msec (4 stimuli per sec).

continuous whit, noise leads to an oscilloscopic picture of rapid

,xh.austion of contractility (fig. 5a). The muscle is probably placed in

A state of functionally inefficient tonic tension. Its energy reserves,

h,-w.,ver, are not exhausted. If the noise is interrupted for 1 sec, in

iAt, its fibres are able to contract, albeit with a reduction in ampli-

tude, when it is resumed (fig. 5a).

The fatiguing effect, in other words, is more dependent on the

modalities of administration of a noise than on its total energy content.

Pulsed noises must thus be mainly defined in terms of their spacing,

since their fatiguing effect may well be much less than that of a con-

tinuous noise with the same spectrum and energy content.

If this fatiguing effect were to be translated into reduction of

the protection of Corti's organ, in other words a reduction in stape-

dius contraction amplitude resulting in a greater amount of acoustic

Lnergy reaching the ianer ear, it would be obvious that hearing damage

uscrihable to noise is not a function of the amount of environmental

acoustic elergy, but of the amount of energy that gets past the middle

ear aid reaches the inner ear.

Given the same amount of ambient energy, therefore, the amount

rea, hing the inner ear will vary in accordance to the time pattern

with which such energy is delivered to the ir.
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THE VALUE OF THE HIGH-FREQUENCY AUDIOMETRY IN NOISE INDUCED

HEARING LOSS COMPAIRED WITH ThE CONVENTIONAL AUDIOGRAM

Dieroff, H.G.

Department of Audiology, ENT-Clinic, University Jena, DDR.

INTRODUCTION

The application of the high-frequency range of man between

8 and 20000 Hz for diagnosis is already very old. Zaarde-

maker (1891) used the Galton whistle and published some re-

sults about the hearing of high-frenuency in old age. In

1912 the monochord was introduced as one of the instruments

for ENT physicians by Struycken and recommended as suitable

for the determination of the upper limit frequency up the

20kHz.Also the fiist electronic audiometer developed by

Bunch in 1929 enabled us to determin the upper liuit fre-

quency. After th introduction of the audiometers into

ENT medicine in tne fifties trie tests of high-frequency

were more and more neglected. Thus ISO Recommendation 389

standard reference zero for the calibration of pure tone

audiometer (1964) provided only a frequency range from 125

to 8000 Hz. The limitation to OO00 Hz is due to the fact

that the measurement of high-frequ~ncies meets with tech-

nical difficulties and the repronucebility of the ieiring

level above O00 Hz is no linger reliable.At the end of

the sixties the Amrican firm Sudmose devel,,ped , hich-

frequency special auAiom(trr shoving likewise consid raui)lc

deviai.ons of intensity from one measurement, to t r )ther
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when critically checked though the procedure of B~k~sy was

used. However,there was still the demand by ENT physicians

to have a high frequency audiometer at hand which works in

the high frequency range as reliably as the conventional

audiometer between 125 and 8000 Hz.

METHOD

Improved receivers at the Rudmose-Audiometer with high fi-

delity loudspeakers have trough about very reliable measu-

ring results after all. Berlin and also Bentzen recommend

special loudspeakers, so hi.fi.headphones, which also allow

a reproducible threshold tracing.P. and D. Osterhafel and

co-workers have discribed a complicated quasi9free-field

transducer system which likewise leads to usable results and

is successfully applied by Pilipo and co-workers. On the

whole we may state that by using a testified technique the

high-frequency hearing of 8000 to 20000 Hz may today be

measured as reliably as the conventional hearing in the

range beween 125 and 8000 Hz.

If we suppose that we may measure the high-frequency hearing

as exactly as the conventional hearing the question arises

which possibilities are offered by the application of two

measuring procedures and which advantages the high-frequen-

cy audiometry has on the one hand and the conventional one

on the other. Today the systematic investigations at the

cochlea both in animal testes an in man allow a gapless hi-

stological examination of the whole cochlea. By using special

procedures we are also able to measure the number of hair-

cells and the hair-cell volumes. Intensive investigations

have clearly proved in most cases that the basis of the coch-

lea (basal coile), i.e. the area near the window is especial-

ly endangered by all ototoxic matters and also by acoustic

overload. At present histo-cytographical illustrations are

used in cases of sound loads and also in the application of

ototoxic matters to prove a beginning or progressing inner

ear damage. Many individual observations are to be found in
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literature and two marked illustrations by Johnsson,Hawkins

and co-workers as well as by Jordan and co-workers show

changes in the high-frequency range and also in the con-

ventional range of the cochlea in cases of acoustic overload.

To do honour to the histological illustrations, which today

always show an exact picture of the histological relations

from the windows to the helicotrema the demand may be rai-

sed to test the functional behaviour of the whole frequency

range and the include into the audiometric examination the

high-frequency range situated in the basis of the cochlea

as an indicator for an early damage.

RESULTS

Adventages ofligh-frequency audiometry.

H.-f. audiometry offers big adventages for recognizing and

judging early damage in the inner ear, since as already

said the basis of the cochlea responds very qfckly already

with local inflammatory changes in the middle ear, but also

with ototoxic metabolic damage of the whole organism in the

form of hair-cell loss.

We may recognise the first changes very regularly in this

frequency range near the window in cases of noise overload.

75 per cent of our examinations of noise-resistent persons

selected for such experiments in the field of temporary

threshold shift measurement had to be labelled as "noisesus-

deptible". This number is particularly interesting, as Meyer-

hoff could prove an affected middle-ear in examinations of

children up to 6 years in about 75 per cent and more of the

cases at least once during the age mentioned. In our tests

of physical fitness concerning experiments in noise over-

load we could see, in many of the 75 per cent of cases men-

tioned above, slight tympanic residuesand discrete, but

clear changes in the high-frequency range occuring partial-

ly only on one side which indicated a former middle-ear

affection. Already slight deviations in the high-frequency

diagram with normal conventional audiograms must be regar-

ded as an evidence of a previous damage, if a correct re-
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gistration may be guaranteed,as this was the case with a man

havirgserved in the army as an anti-tank gunner (fig.1).

- S
I i1 1.

Fig. 1 - Normal conventional audiogram, and normal high-
frequency audiogram right, but some small thre-
shold shift at 6,8 and 15 kHz on the left side.

Especially convincing for the usefulness of h.-f. audiome-

try for proving early damage are observed temporary thre-

shold shifts with 12 patients selected by means of the

susceptibility test mentioned above. In these cases there

also occund quite different TTS patterns with equal sound

dosis - Leq.= 90 dB(AI) - but with 6 quite different time

pattern. With regular steady sound the changes about 4 and

6 kHz ( fig.2 ) prevailed,in pulse noibe to a higher degree

the TTS in the high-frequency range (fig.3).

With vocational steady noise-overload (e.g. weaving noise )

there are also visible the first symptoms of a developing

PTS in the h.-f. range andabout 4 - 6 kHz. With acoustic

traumata ( shot-overload and impulse noise ) the h.-f. au-

diogram offers the possibility to define the damage in the

h.-f. range what in our opinion may be prognostically used.

Despite a similar hearing loss in the h.-f. range the da-
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Fig. 3 - TTS (mean value from 12 normal hearing persons)
Noise exposure: 90 dB(AI), 1 hour, pulsed noise.

mage in the h.-f. audiogram may be very different.According

to our experience the deep slopes with a completely de-

stroyed h.-f. perception range are prognostically unfavour-

able, because with increasing age the progressive inner ear

III



degeneration develops more rapidly and takes in the hearing

range for colloquial speech ( fig. 4 ). On the whole on the

Fig. 4 -A 34 -year-old man with a acute acoustic trauma
produced by anti-tank-shoot.

one hand early damage in the h.-f. range may be recognized
by means of h.-f. audiometry, wvhich mainly arises with
acoustic overload, but also with the reaction of ototoxic

agents, Ribfiri,on the other hand however, the method ia
very useful with the examination of hereditary hearing loss

where the mediocochlear frequency range may show a bigger
PTS, but the high-frequency hearing is still intact (fig.5).

In our opinion such a behaviour may be estimated to be
prognostically favourable. As we may see from the few ex-

amples the h.-f. audiometry makes possible the recognition

-9$



of previous and early damage in the struggle against noise-

induced hearing loss and thus a better prognosis in evalu-

ating inner ear damage than by means of the conventional

diagram alone.

II

a big hearing loss in conventional hearing range and
nearly normal high-frequency hearing.

CONCLUS ION

After refering to the importance of testing the high-fre-

quency hearing and the difftculties in sound coupling the

progress in evaluating the damage of the whole cochlea is

described. For the recognition and diagnosis of noise in-

duced hearing loss high-frequency audiometry shows consi-
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derable advantages and is recommended for early diagnosis

and prognosis of noise-induced hearing loss.
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EFFECTS OF NOISE AND SOCIOECONOMIC FACTORS ON HEARING IMPAIRMENT

Davis, A.C.

MRC Institute of Hearing Research, University Park,
Nottingham University, Nottingham NG7 2RD, UK.

INTRODUCTION

In 1978, Coles (1980) drew attention to an 'epidemiological study of

deafness' commencing in the UK at the MRC Institute of Hearing Research.

That study, the National Study of Hearing (NSH), has now been in progress

for four years. Some preliminary results from early phases of the study

have been published (Davis, 1983; Institute of Hearing Research, 1981

a~b). The aim of this paper is to provide interim data from this large-

scale epidemiological study on two questions: (a) the audiological

implications of recording subjects' noise exposure, as suggested by Dixon

Ward (1980) and (b) the effect of such noise history and socioeconomic

factors upon hearing impairment. Five aspects of the data will be

presented. Firstly, I will give the various measures and sources of

noise immission and their distribution with age, sex and socioeconomic

group. Next, I will evaluate the effect of noise history on tinnitus, as

assessed by a clinical interview. Thirdly, the relationship of noise

history to the air-bone gap will be noted. Fourthly, I will summarise

the causal and associated factors in hearing impairment emerging from a
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long series of analyses. Fifthly, I will discuss possible interactions

between factors, and some unsolved questions that point to future

research and analyses.

METHOD

The outline design of the National Study of Hearing has been
presented by Davis (1983) and by the Institute of Hearing Research
(1981 a;b). Briefly, the study involves a two stage random sample. The
first stage consisted of random selection from the electoral register of
a total of 23,681 individuals in two Phases who received a screening
questionnaire. The second stage clinic sample consisted of random
selection from a series of ten strata formed from the questionnaire
responses concerning age, hearing difficulties, tinnitus and possession
of a hearing aid. All the data reported in this paper have been
appropriately weighted such that the results refer back to the initial
population, individuals appearing on the electoral register of Cardiff,
Glasgow, Nottingham and Southampton. This is generally an adequate frame
for inference to the total population of the sampled cities. The data
were collected in two phases, in 1980, involving 759 subjects, and in 1981
when there were 895 subjects.

RESULTS

1) Noise History. Five measures of noise history were taken. The

screening questionnaire asked whether the respondent had worked for more

than six months in a place where they "had to raise their voice to be

heard" (Phase I; in Phase II "raise their voice" was replaced by "shout").

Figure 1 shows that the proportion of people who answered "Yes" to this

question increases steadily until the age of 50-59 where the percentage

falls of f gradually, possibly due to differential mortality. Fewer people

responded "Yes" to the question that included "shout"', and fewer women

than men responded positively. There was also a strong trend for a higher

proportion of those in manual occupations to respond "Yes". The 1654

people in the clinic samples were assessed according to the standard

protocol for noise immission, under three separate types of exposure;

occupational, gunfire, and social. This Noise Immission Rating scale (NIR)

was devised at the Institute of Hearing Research, by Dr Ross Colas and

Dr Mark Lutman.
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Fig. 1. The percentage of people who had worked for
more than 6 months where it was so noisy that they
had to raise their voice (phase 1) or shout
(phase 2) to be heard.

The NIR encompasses both duration and levels of unprotected noise exposure.

A rating of 1 for occupational noise immission is equivalent to 82-91 dBA

for an average working week over a 40 year period. For the same period,

rating 2 corresponds to 92-101 dBA, rating 3 to 102-111 dBA, rating 4 to

112+ dBA. The gunfire noise immission rating takes into account many

different types of gunfire exposure, and reduces them as far as possible

to a common metric which is essentially a logarithmic scale. Zero on the

gunfire noise immission rating corresponds to unprotected exposure with no

more than 10 service rifle shots fired. The social noise immission rating

can be interpreted as for the occupational noise immission rating on a

scale of time multiplied by dB equivalent levels.
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Fig. 2. Percentage of people with occupational, gunfire
and social NIR greater than zero, in eight age groups.
NSH Phase 1 and 2.

Table 2 shows the distribution of occupational, gunfire and social

NIR with socioeconomic group. There is an extremely large variation in

occupational NIR with socioeconomic group, and a much smaller variation,

though significant (p <0.02 ) in gunfire NIR with socioeconomic group. The

sex effect is more uniform across noise type: for occupational NIR, 31%

of men may be considered to have significant noise immission ratings,

compared with 10% for women. For gunfire NIR, 38.6% of men had

significant NIR but only 1.5% of women. (For social NIR the numbers were

too small to allow any variation of socioeconomic group or sex to be

assessed).
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Table 1 shows the distribution of obtained NIR values. There is a

very large sex difference in noise immission ratings. If we compare those

having a zero rating for occupational, gunfire, and social noise exposure

with those having a score of 1 or more on any of the scales, then 12% of

women and 55% of men have a significant noise history.

NOISE
TYPE OCCUPATIONAL GUNFIRE SOCIAL

SEX FEMALE MALE FEMALE MALE FEMALE MALE

NIR 0 90.0 68.8 98.5 61.3 98.2 98.9
1 8.9 20.7 0.4 7.5 1.8 1.0
2 0.8 8.0 0.7 13.7 0.1
3 0.3 2.4 0.3 12.8

4 0.0 0.1 0.2 4.5

Table i. The percentage of people in each noise immission
rating (NIR) category as a function of type of noise and sex.
NSH Phases 1 and 2.

Figure 2 shows the cross-sectional distribution of occupational, gunfire

and social noise immission ratings with age. There is a trend for

occupational and gunfire NIRs to increase with agc, but for social NIR to

decrease with age. As the NIR inevitably includes an age component one

would expect some increase. However there is good reason to suspect strong

cohort effects. The median age of our sample was 50; below that age the

proportion of people with occupational and gunfire noise exposure is lower

due to industrial changes and the discontinuation of general military

service in the UK in the 1950s. The high proportions of gunfire noise

exposure in the 80-89 and 60-69 age groups indicate the cohorts most

affected by World Wars I and II respectively.



Noise Type
Overall Occ. Gunfire Social

SEG I Professional 12.4 2.8 11.9 0.3
II Intermediate 24.0 8.2 18.6 1.3
IIIN Skilled non-manual 20.1 9.7 13.0 2.6
IIIM Skilled manual 39.9 29.3 21.7 1.2
IV Partly skilled 42.6 32.8 16.6 0.3
V Unskilled 28.0 19.7 13.1 0.0
NC No category 16.8 1.2 16.8 0.0

Table 2. Percentage of people with an NIR greater than
zero for each OPCS socioeconomic group.

From the public health point of view three points emerge. Firstly,

on the positive side, the decreasa in occupational and gunfire noise

exposure in recent years is not outweighed by the increase in social noise

exposure. Secondly, Table 2 shows that there is little overlap of

exposure to the different noise types. An exception occurs within SEG

IIIM where 11% were exposed both to significant gunfire and occupational

noise, and, to a lesser extent within SEG IV. Thirdly, age, socioeconomic

group and sex are all fairly good predictors of NIR. This will cause

problems of collinearity in multiple regression analyses which attempt to

correct for these other factors while regarding NIR as an independent

variable and hearing level as the dependent variable. These statistical

problems are compounded by the fact that unless there is high sampling of

a stratum formed for high occupational NIR, then a fairly low proportion

of people in any subject pool will have a material NIR.

2) Tinnitus. Tinnitus was assessed in a clinical interview. The

results reported here are for Phase I only, although a similar pattern

occurs for Phase II. There was a significant effect of occupational NIR,

2 2for both men and women ( 2=12.3 for women, X =8.37 for men, p <O.1).

The overall effect of NIR was attenuated by a lack of significant exposures

in several of the age and socioeconomic groups. The largest effect of NIR
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on tinnitus was in socioeconomic groups IIIM and IIN combined, in the

40-60 age bracket, congruent with the large numbers receiving high noise

exposures in these strata. Here the prevalence of reported tinnitus was

21%, for zero NIR, 41% for NIR of 1, and 60% for NIR of 2 or more

2( 2=16.9, p <0.00 2 ). Overall, there was no significant effect of

gunfire NIR.

3) Air-bone Gap. In Phases I and II of the National Study of Hearing

bone conduction thresholds were measured at 0.5, 1.0, and 2.0 kHz. The

difference between the threshold for air conduction and bone conduction

was taken as a dependent variable in a multiple regression with age, sex,

socioeconomic group, and noise exposure as independent viriables. No

factors emerged that were consistent over phase of the study or test

frequency; this confirmed the absence of an age trend in the conductive

component. However tinnitus was associated with a larger air-bone gap;

clinically, tinnitus is known to occur in many conductive as well as

sensorineural conditions.

4) Hearing Levels. The analysis of determinants of hearing threshold

levels was necessarily complex. The first stage involved linear

regressions of the main likely factors on the raw better ear thresholds

at each frequency and on the differences between ears. However a

significant advantage in both homogeneity of variance, and in proportion

of variance explained was found if a log transformation of the threshold

measurement was made, adding 20 to avoid zero values in 'normals'.

Although effects of age and other factors emerged there was no overall

effect on the better ear threshold of occupational NIR or of the

screening questionnaire noise history questions nor did significant

interactions with either variable emerge consistently over the two phases.
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I will return later to possible reasons for this.

In the second stage of the analyses principal components were

extracted from either the raw data or the transformed log values for the

8 test frequencies on the better ear. The components extracted were

essentially the same for Phase I and Phase II and for the two measures

used. The first component was a straightforward average across frequency

of the hearing thresholds, the second component was an audiogran slope

measure, and the third component was an estimate of the quadratic trend

between low- and high-frequency thresholds, i.e. steepening of this

slope towards high frequencies. In all, the principal components accounted

for on average 92% of the variation in the raw data. These components

offer a rational way of totalling measures across frequency for

reliability, while preserving aspects of audiogram shape that may relate

specifically to aetiology or associated variables. Table 3 presents the

significant parameters for the regression on the log of the first

component in Phase II. Age, sex, socioeconomic group, tinnitus, noise

history (questionnaire), occupational NIR and ACORN classification are

the independent variables. ACORN is a classification of housing type

which provides a second socioeconomic factor to supplement occupation.

Interactions up to first order were tested. Socioeconomic group, ACORN

and NIR were reduced to dichotomies in order to obtain enough subjects

for the analysis. This regression accounts for 53% of the variation in

the first principal component, a satisfactorily high percentage for

epidemiological research. Neither noise measure was significant, nor

did eith~er significantly affect the second and third principal components

(which in a sense carry a high-frequency weighting), despite the

traditional association of noise exposure with high-frequency loss.



Factor Estimate Standard error F1 ,8 0 2

Age-linear .0068 .0017 15.8
Age-quadratic .0065 .0030 4.7

Sex -.1492 .0496 9.0
Socioeconomic group .0825 .0187 19.5
ACORN -.0776 .0186 17.3
Tinnitus -.1149 .0806 2.0

Noise (questionnaire) .0355 .0232 2.3
NIR .0426 .0257 2.7

Sex by age .0047 .0010 22.1
Tinnitus by age .0049 .0016 9.9

Table 3. Parameters of regression analysis on the log of
the first principal component of the hearing thresholds,
better ear, NSH Phase II.

Y variate = ln (160+t 250+ +t8000

where t2 50 = threshold at 250 Hz in better ear, etc.

The results presented in Table 3 are typical of many of the analyses

that we have conducted so far. Firstly they indicate that the age

effect is greater in men than in women. This will be pursued in the next

analysis. Secondly the null result for NIR should be considered in the

context of the interdependence of age, sex, socioeconomic group, housing

type and the two measures of noise history. Also the low prevalence of

significant noise history, weakens the power of regression analysis to

detect noise effects in the populations we sampled. We hope to increase

this power in Phase III by stratifying the clinic sample on a measure of

noise immission. Meanwhile, the result can be interpreted in two ways.

At the practical level, one can consider that socioeconomic and demographic

factors are a better indicator of actual noise immission than either of

the verbal noise history measures. Alternatively, the effect of noise

immission on hearing levels in the population may not be as great as the

effect of other causes that happen also to align with important socio-

2)9



economic and demographic variables, e.g. visible ear disease, drug

ingestion, cardiovascular health, diet and even ability or willingness to

perform audiometry.

5) Hearing levels separated by sex. In the light of the interaction of

age and sex, separate analyses were carried out on the better ear hearing

threshold data from Phase II, for 496 women and 398 men. All effects

mentioned were significant at p< .O1. For the women, there were

significant linear and quadratic effects of age (i.e. accelerating hearing

loss), also interactions of age with tinnitus and age with noise. There

were also significant main effects of socioeconomic group and ACORN

housing type confirming the value of this second socioeconomic measure.

There was no effect of either measure of noise history. However the

following first order interactions were significant; socioeconomic group

by NIR, socioeconomic group by noise reported at the screening

questionnaire, and ACORN housing type by NIR. These interactions suggest

that the effect on hearing from a given level of reported noise exposure

is greater in lower socioeconomic groups.

In a similar analysis of the male data there were linear effects of

age and interactions of age with i) tinnitus and ii) the repcort of noise

exposure in the screening questionnaire. Again there were main effects

for socioeconomic group and ACORN housing type.

CONCLUSIONS

Because of the high collinearity between noise immission ratings

and age, sex and socioeconomic group, and because of the low population

prevalence of substantial noise immission ratings, it has so far proved

to be very difficult to associate a noise history with increased risk

of measured hearing impairment in the general population. We do not of



course deny that high noise levels can cause hearing loss and should be

controlled. Rather our population studies suggest that further noise

control and hearing conservation measures, might make only a small

impact on general population prevalences of hearing impairment. More

generally, our studies provide a necessary framework for assessing the

influence of noise or any other noxious factor on hearing. Age and sex

should be taken into account as covariates, also socioeconomic group

and housing type. Perhaps most importantly whether there is any history

or presence of tinnitus should be included as a stratification variable

in noise studies, as significant noise effects are more readily shown

for tinnitus than for hearing levels.
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INTRODUCTION

Very few investigations have been made into the effectiveness of a hearing

conservation program based on a reduction in the deterioration in hearing

caused by noise, after hearing threshold changes due to presbyacusis have

been considered. The crucial factor in such an investigation is the accu-

racy with which the individual hearing threshold level can be recorded. An

increase in the accuracy means that a noise-induced hearing loss may be re-

vealed at an earlier stage or after a smaller reduction in hearing capacity.

This in its turn means that the effectiveness of the hearing conservation

program can be checked at an early stage.

MATERIAL AND METHODS

Uncertainties

It has been pointed out that one of the main factors constributing to the
uncertainty in HTL measurements is the positioning of the earphones (Er-
landsson et al., 1980). It is quite obvious that a more accurate way of
defining the earphone position relative to the eardrum would be of great
help in reducing the uncertainties in the HTL measurements.
In order to overcome this problem, an earphone fitted with an ear speculum
has been designed, Fig. 1. This enables the earphones to be placed so that
the sound impinges directly on the eardrum and also allows for accurate re-
placement of the earphones. The specula and earphones sitting on a special
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Fia. I Diagram of the headset showing the specula and the adaptors. a=spe-
cula, b=adaptors, c=earphones and d=plastic frame.

headset which is securely positioned on the subejt's head, may be moved in
all directions relative to the head. Measurements of the absolute hearing
threshold are of course affected by the presence of the speculum, but this
is of no consequence in a comparative investigation where the same appara-
tus is used on every occasion. In this case, the errors in HTL measure-
are only 1.6 to 3.3 dB within the frequency range 2 to 8 kHz (see table I).
Convertion of HTL values obtained by cushions to specula values or vice ver-
sa can be made (Ivarsson et al., 1983). However, a comparison is made more
difficult and the errorsare not reduced owing to the uncertainty involved

in the renormalization of the speculum data.

Table I The mean SD's obtained using different audiometric techniques.

SD at different frequeincies (dB)

frequency (kHz)Methodmean
0.5 1 2 3 4 5 6 7 8 2-8

Fixed Bksy 3.1 3.2 4.2 3.8 4.4 5.5 4.9 5.4 6.5 3.3with cughlons

Fixed Bksy 3.1 3.0 2.5 2.6 1.9 1.9 2.8 2.5 3.3 1.6
with speculum

Sweep Bksy 3.2 2.4 3.5 2.8 3.3 3.4 3.4 3.4 4.2 2.4with cushions

Sweep Bksy 4.3 3.4 2.9 3.0 2.9 1.6 2.0 2.1 2.2 1.6
with speculum
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Types of audiometry

Two types of audiometers have been used, an ordinary Bdk~sy sweep-frequency
audiometer, type Demlar 120, and a computerized B~k~sy audiometer (Ivarsson
et al., 1980). Both audiometers were fitted with TDH-49 earphones, and in
the first place with MX-41/AR cushions. The system was calibrated in the
continuous tone mode with a Bruel & Kjaer artificial ear, 6 cm 3 coupler, a
I" microphone, a preamplifier and a frequency spectrometer. The reference
values for the hearing thresholds were adjusted to ISO R389 (1975).

Noise dose measurements

Noise dose measurements were carried out in 1977, 1979 and 1983 with ear-
borne dosimeters. During 1977 and 1979 Crafon dosimeters recording, on
photographic film, the total time preset levels (85, 95, 105 and 115 dB(A))
were exceeded were used (Erlandsson et al., 1976). For the 1983 measure-
ments another device was used incorporating a microprocessor (HAkanson et
al., 1983). From both dosimeters the noise dose, or Leq values, is calcu-
lated using a slightly modified technique as has been described in Erland-
sson et al.(1980b).

Subjects

The subjects of this investigation belonged to the workforce of the assem-
bly hall and boiler shop of a shipyard. At the beginning of the investi-
gation in 1977, 67 and 55 males participated from the assembly hall and
boiler shop respectively, and seven years later 33 and 34 of the original
participants were left in their respective places of work and still taking
part in the investigation.
An otological examination, combined with a questionaire regarding the sub-
ject's personal history, was carried out in conjunction with the audiome-
tric test. Ears were defined as "normal" when they complied with standard
requirements as given, for example, by Burns & Robinson (M9M

Test procedure

The audiomteric tests were carried out in the sound-isolated booth of a
small mobile acoustic laboratory, and the background noise levels confor-
med with specifications given in ANSI S3.1,1977. For both types of audio-
meters the test was started at 0.25 kHz and the frequency sweep continued
up to 8 kHz. Immediately afterwards the seep was reversed and swept back
to 0.25 kHz. The attenuation rate was 2.5 dB/s with pulsed tone presenta-
tion and the duration of the sweep was 400 s. The hearing threshold level
was obtained both for the upward and downward frequency sweeps by taking
the mean value of the upper and lower peaks of the trace. The mean of
these two values was the calculated. All hearing tests were made at least
16 hours after the subjects had been exposed to occupational noise. The
middle ear pressure of all subjects was checked to be less than 5 cm H20
before the audiometric test (Erlandsson et al., 1980c).

RESULTS

One of the crucial points to be considered when conclusions are to be drawn

from HTL measurements is the uncertianty in the individual HTL measurements.
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The uncertainties in the HTL measurements were assessed from five test-re-

test measurements on 20 ears. The results of this study showed that a good

reliability could be obtained if the mean HTL (HTLr-g) for each integer fre-

quency from 2 to 8 kHz was calculated (Ivarsson et al., 1983). From the

pooled estimate of the standard deviation of the mean HTL's for the 2-8 kHz

region the uncertainty in HTL8 was found to be ± 2.4 dB using sweep-fre-

quency B~kdsy audiometry with cushions, and ± 1.6 dB for the corresponding

measurement made using the same audiometric technique with the specula.

This means that the mean standard deviation of the yearly change in HTL7_7

(AHTL7) for two measurements with a period of one year in between is

SD.V2, for 3 measurements is SD/V'2 and for 4 measurements is SD//5 and so

on.

In the present work the measurements were started in 1977 and after 7 years

67 subjects were left (34 in the boiler shop and 33 in the assembly hall).

Of these, all except 2 said that they used earplugs or earmuffs.

The change in measurement technique in 1981 from cushions to specula caused

a reduction in the uncertainties in the HTL measurements. Fig. 2 shows da-

ta for the seven yearly HTL measurements on one person. Although this fi-

gure only shows the HTL's of one single person, the change in the slope of

hearing deterioration is symptomatic for the whole material which shows a

significant reduction in the rate of HTL change on the 95% confidence level,

both for the boiler shop and assembly hall. Testing on the same confidence

level shows that there are 20 ears (33%) in the boiler shop group and 25

ears (30%) in the assembly hall group showing a significant change in

AHTLr between the two periods 1977-80 and 1981-83.

DISCUSSION

The main question under discussion are why the periods 1977-80 and 1981-83

are of such interest and what could have happened during 1980 and 1981 to
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Fig.2 An example of the calculation of the AHTL. The HTL data are plotted
against time and fitted by straight lines, the gradients of which
gives the AHTLy.

change the trend in hearing deterioration.

In 1981 there was a change in the audiometric technique from cushions to

specula. Although this brings about a change in the HTL values which va-

ries with frequency this may be corrected for (Ivarsson et al., 1983). The

data have been studied and it was found that the introduction of the spe-

cula did not cause a systematic lowering or increase in the HTL's.

The place of work under investigatign (a shipyard) has a long tradition in

using hearing protection. Different kinds of earplugs and earmuffs have

been used since about 1960, and only a few percent of the workers state

that they never used hearing protection. All others declare that they use

som form of protection. In spite of these declarations, the first years of
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audiometric measurements showed that several workers suffered significant

deterioration in their hearing ability in the 2-8 kHz range. Therefore an

extensive hearing program was introduced in 1979 aimed at improving the use

of hearing protection. Nevertheless, in 1980, after four years of measure-

ments 25% of the ears in the boiler shop and 11% of the ears in the assem-

bly hall showed a significant deterioration in hearing at the 95% confidence

level after presbyacusis had been taken into consideration (Erlandsson et

al., 1983a). Individual information was given to these people and they

were recommended to used both earplugs and earmuffs.

We would like to think that the lessening of hearing deterioration exhibited

during the last 2 years is due to more conciencious use of hearing protec-

tion. This suggestion is strengthened by the fact that the individual noise

doses, measured at the ear, have been quite constant during the measurement

period. See table II.

Table II Noise dose measured at the ear in the boiler shop and assembly
hall.

Area 1977 1979 1983

L = 91.0 dB(A) L = 91.3 dB(A) L = 90.4 dB(A)
eq eq eq

Boiler shop n = 213 n = 183 n = 42

SD = 4.1 SD = 4.2 SD = 3.9

L = 88.6 dB(A) L = 89.7 dB(A) ---

eq eq

Assembly hall n = 200 n = 69

SD = 5.5 SD = 4.9

It has been shown that relatively short periods without hearing protection

can cause a considerable reduction in their effectiveness, (bise, 1973;

Carmy & Coles, 1975). Recent simultaneous noise dose measurements both in-

side and outside earmuffs show that the noise dose, expressed as the Leq

value is reduced only by about 10 dB, see fig. 3, (Erlandsson et al., 1983b)
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Fig. 3 Fraction of time over preset sound pressure levels measured inside
(o) and outside (W) earmuffs, a) carefully controlled conditions
and b) normal workshop conditions.

This value shows that earmuffs with a high laboratory attenuation produced

a much smaller reduction in noise in the field than expected.

During the last three years there is even a tendency for some persons to-

wards a lowering of hearing threshold levels. This may be due to more con-

ciencious use of hearing protection during working hours, and a greater

awarness of noise even during leisure time, thus leading to a reduced tem-

porary threshold shift (TTS). Although recovery from this TTS may not be

complete the next morning, the residual TTS would be much smaller giving

rise to an improved HTL compared with that in previous years.

CONCLUSIONS

Our research has shown that knowledge of the accuracy with which individual

hearing thresholds can be recorded gives the opportunity to define, with a

particular certainty, a minimum yearly change in hearing threshold. This

minimum yearly change can be further reduced by using a new device, the ear

speculum, in the audiometric measurements, and also by serial audiometry

with intervals of one year.

Conclusions regarding the effectiveness of hearing conservation programs

can thus be drawn through observations of the change in AHTL (the yearly
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rate of change in hearing threshold at such a low level that they only to

a minor extent affect the hearing situation of the person taking part in

the program.
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LAIIY DETECTION OF Il,,ABING DAMAGE DY lIGII-TONE AUDIOMETPY.

Ribiiri, 0. and Kiss, J.G.

ENTr Clinic, University Medical School, Sz.,ged, Jlung u)

INTIRODU CTION

The hearing frquency of thje human ear e. tends froiz

16 Hiz to 2o ooo liz. Generally we examine frequencies

from 125 Liz to 8 .ooo lIz.

Though, the most important specch frequencies are

to be found only between 5.oo liz to 3 ooo lz, the ques-

tion still remains whether the values of bigb-tone audio-

n.etric exanirations between 8 and 2.o kIlz may give impor-

tait additional inf'ormations not obtainable by stazndar"d

audiometric procedures.

This problem is noi quite recent. First Rosen

/1964,1971/, Harris /1967/, Northern /1972/ et al., to

mention the best know-n names, later Beiter /1976/,

B6lune /1976/ as well as Dieroff /1976,1982/ and his co-

workers have studied hearing above the frequency of

8 ooo Hz.

Overcoming the iniial technical difficulties,
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studies showed that examinations of hearing at high

frequencies were ver-y valuable in. the di.agnosis of ],aj.'-

ing impairnent. Sensorineural hearitig (ar'age beeaoi oj

)igb frequencies gradually involved the Jower fr-quencies

later and caused hardness 'of hearirg and diffi jultiies in;

understanding of speech.

These inforamations an d our prcvious experie.nces

/Rib6Lri et a]. 1981.ab, 1982/ movcd us to use high-tz e

audiometry f03' the early detectioii of ioi se deafness and

sensorineural Peari.ng darage caused by ototo,ic drugs.

MATERI]AL ANTD METHODS

Examinations were done by a h.gh-tone aidiometer
constructed at our clinic. We used HIOKLTON 5o PT 54I
type high-tone transmitter secured at 70 mm from the
external. auditory hteatus. This measuring system was;
calibrated by the help of digital frequency meter
/TR 5258/D o9/, sound-level meter /Briiel-Kjaer 22o3/,
and by condenser microphone /Briiel-Kjaer 41u 4 / measuring
between 2o to 20 000 Hz.

Examined subjects may be divided into the foJ]owirg'
groups:

l./ High-tone hearjng th-reshold was determIined on
8 subjects /3 female, 5 mal.e/ Zo year-s of age Aho uere
found having normal heari.ng by traditional audiomel.ric
examinations. Exa-iinations were done on 1( ears at
6-6 different times, unrelated to each other, for the
purpose of reproducing the hea.irg threshold meas-,ured
by the system.

2./ High-tone hearing threshold was determined by our
system on 5o /18 f, 32 m/ healthy subjects who were con-
sidered having norma. beari.ng. In each age group l-Ic
subjects were examined, altogether loo ears.

3./ We have exam:ined the highi-tone hearing thre.holds
of 50 male subjects who worked in sites where the wide-
ranged irregular noise had levels from 1o5 to 115 dB A.



Ex-posure to noi se was o, 4, 8, 16 years, in evci.- a.6e
group lo-lo subjects werE,( e,,artiied.

4.7 We have examired 4,o young fenaJ Cs with nornial
hearing who began to work in a textile factory). Their
high-tone hearing was found noial. After the first year
7 employee-s out of the 4,o had a. hearing loss at .1i-15 k1'z,
whil e hearing darage iwas not shown by convcntioria] -. iidio-
metry. Folloiuirg closer e,,axiira1 ions of the case-s it
became evident that the 7 emiployees did not I~ear any ear
protection.

5./ Examiixat ions 1uere carried out on 14l patients
/6 f, 8 mn / who Avere given Streptomwiycin for tlie treat-

merit of tuberculosis. The patient.- w~re, between the
age of 'lo to 4,o years and th-1eir hearing was norma] before
the treatnent, they had not. worked in noise and had not
received ototoxie drugs pr-eviously. We have done h-igh-
tone audionitric examinations be-fore, tlV e beginining 'Of
the treatment, after two, weeks, resp. foJllowuing intahe
'of 15, 3o aid Ito gr of Streptomycin.

6.7 We haxe exartined 1.3 subjects with normal hearing
between the age of 2o to 25 years who bad Gentariyein B-SO 4
treatment. These patients had high-tonie audionetrie
examinations befor3.e the beginning of tbe treatment and
on every day vnder the treatment. In addition to the
audiome trie e xaminat ions we have done phar-macokin et ie
examinations. Also the level. of Gentajr ycin eoneenrtration
in, blood was determined. Pure-tone audiornetric exarlina-
tions were done in every ease by Peters AP-6 audiometer
from 125 to 12 ooo Hz.

RESULTS

We have measured the hearing of subjects with high-

tone audiomnetry whro uere otherwise found with nortiial.

hearing by standard audionietry and evalt-ated data. Up to

16 000 11 z values of threshol~d levels are reproducible

exactly, above this standard deviation ra-ay reach ±lcr dB.

Subjects who belong to young age groups have very good

r~ producibility up to 16 ooo 11z and low standard dev-%ia-

t ion. hligh-tonie hearxing of older persons gradiually de-

creases in accordance with literature / Fig. 1, 2.7.

Hfigh-tone audionmetric results of subjects working in

noi se show that the mean threshold valv-es on diff rent
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Asaresult of Str-eptonryein treatment a rdrinal
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of total. do-sag#es. Above the frtoquency 'of 8 o-oo liz
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by high-tone audiometry. After the di-scontinuance of

the treatment the process of decreasing high-tone .ear
"-

ing stops /Fig. 5./.

0 0,125-2kH z0,125- 2Z Fig.5 - Change of hearing

20 threshold values measured
ekHz at different frequencies

4,3 in depeudance of dosage of
Streptonycin /Z valites

so beyond measuring 7.
10 kHz

80
12 kHZ

100 -U4 kH Z
16

0 15 30 45 191

STREPTOMYCIN

As an effect of the treatment by Gentanlyein B-SO4

hearing damage was found on high-tone only to a snmall

extent, besides normal renal function. One patient had

lasting 15 to 2o dB hearing damiage above lo ooo Hz,

which was not detectible on normal audiogram. Two

patients had reversible daitage showing on 1-14 ooo Hz

frequencies and at. ten of the patients hearing darvagc

was not registered. After the first and second month

fol lowing the treatment there was not any change on

normal audiograms: hearing loss on high-tone became

normal at two of the patients and only one patient had

lasting hearing loss on frequencies betwecn 12-15 kIlz.
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DISCUSSION

By using the high-tone audiometer constructed at

our clinic with the Hokuton high-tone transmitter re-

producible measuring may be done.

In our opinion standardization of measuring i s of

great importance and to comply with it is necessary.

The change of high-tone bearirg may be valued correctly

only by the measuring of high-tone of every subject

examined before the exposure to noise or before the

beginning of pharmaceutical treatment. There is a great

difference between values of high-tone hearing of indi-

viduals. Normal valiues cannot be set for high-tone

hearing. Results of examinations may only be compar-ed

to one's own starting high-tone audiogratu serving as

reference value.

As for the effect of acoustic exposure just before

or at the same time with the appearance of the charac-

teristic dip on 4-6 ooo Hz high-tone hearing loss may

be shown well, in the same way TTS may be measured very

well and copclusion may be dran on the susceptibility

of the individual to noise.

As the effect of Streptomycin and Gentanycir. high-

tone hearing loss may be shown early too. The damtaginig

effect of ototoxic drugs may be revealed with high-tone

audiometry nuch earlier than by conventional audiometrie

measuring.

In our view high-tone audiometry may be used well
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for earlJy detection of hearIng dam~age catised by excessive

noise or by ot'otoxie drugs as well as for revealing the

susceptibility to noise.

Supported by grant froni the liungarian Ministry of I'ealih
under project No. 012/4-27t/461.
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ON PREDICTION OF PTS BY MEANS OF PSYCHOACOUSTIC INVESTIGATIONS
AS WELL AS REGISTRATION OF COCHLEAR EMISSIONS.

Fritze, U.

2 nd Department of ENT. Vienna Medical School. Vienna,Austria

1. INTRODUCTION

To reduce the incidence of noise-induced hearing loss in the

population one can make use of the fact that the susceptibi-

lity for the condition is subject to considerable'interindi-

vidual variations. In a given population this susceptibility

shows an approximately normal distribution with almost no

tendency to develop hearing loss at one end of the curve.

Consequently, the incidence of noise-induced hearing loss in

a population would be almost nil, if only persons reflected

by this part of the curve would be hired for noise-related

jobs. The rate of noise-induced hearing loss to be expected

in a population willusing an effective test for prediction,

primarily depend on the ratio between the applicants for

apprenticeship and the vacancies available. If much few

people are needed than actually apply for a noise related job

it is possible to single out those who are included in the

low-risk end of the normal distribution curve for noise-indu-

ced hearing loss. However, such a selection criterion would

only be useful if one can make a choice from a sufficiently

large number of persons and if one is not forced to hire all

applicants.

There have been many attempts at predicting PTS. Most of

them were based on TTS experiments. A pertinent review was
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published by Dieroff (1963) and Ward (1968). A closer exami-

nation of these experiments will show that many examiners

used inadequate sound energies for producing experimental TTS.

This may be explained by the lack of knowledge about the

inaccuracy of audiometric tests at the time at which the

experiments were done. In addition, long-term follow-ups were

not available. Peyser, for instance, never tested the selec-

tion method proposed by him in a predictive study. He simply

recommended its use assuming that there must be a relation

between TTS and susequently acquired PTS.

The failure of these efforts (Lute 1981), many of which were

not compatible with modern scientific precepts (e.g. Peyser

1940 and Peyser 1952), does by no means imply that the search

for a method of predicting PTS on the basis of TTS experiments

would be futile (Ward 1973).

2. THE FREQUENCY CHARACTERISTICS OF TTS

2.1.1. Before 1575 it was thought that there was only a
single TTS presenting as a relatively marked dip which
reaches its maximum at 1/2 to 1 octave above the exposure
frequency and has been extensively studied. Unlike PTS,
this dip depends on the exposure frequency.

2.1.2. There is, however, a second TTS at 4000 Hz range
(Fig.1, Fritze 1975). This second dip is entirely isola-
ted from the well-known first deflection and, irrespective
of the exposure frequency, consistently occurs in the PTS
frequency range (Fritze 1980). In appearance, it is similar
to a minor PTS but, as it is a TTS, it is fully reversible.
Like the first dip, it shows considerable intersubject
variation and its amplitude does not correlate with that
of the first dip.

2.1.3. Recent studies (Bartsch, BrOckner, Dieroff and Fritze
1981) produced evidence of another TTS beyond 10 kHz. In
preliminary investigations this was equally found to show
considerable intersubject variation, not only in amplitude
but also in the frequency range.

2.2. THE SECOND TTS IN THE HIGH-TONE RANGE

There are 3 reports in the literature which offer indirect
evidence of a TTS in the PTS range after low-tone exposure:

2.2.1. Using industrial noise of different components for ex-
posure, Van Leeuwen (1955), like Van Dishoeck(1966), inter-
preted the curves (Fig. 2) obtained as the high-tone range,
i.e. the PTS range without accentuation. In the author's
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Fiq. 1:The two TTS dips in a
Bk6sy audiogram recorded at 375 Hz
to 6 kHz. The exposure had been a
sinus-tone of 250 Hz 120 dBA,
5 min.; the preexposure values are

- -_ - - --- subtracted. To compensate regres-

, _ _ _ _ sion half of the subject were

" examined at ascending frequencies,
.. h he other half at descending

frequencies (n=16). The isolated

Tdip in the PTS range is clearly
~seen.

Fi. 2: TTS after exposure to mul-

tiple-component industrial noise
(5 minutes). While Van Leeuwen and

- Van Dishoeck did not find the high-
ton range of these curves to be
accentuated, the author feels there

. is evidence of accentuation in the
secnnd and third curve. Similarly,

- the dip in curves 6 and 7 cannot be
explained in terms of a frequency-

white noise dependent TTS. (From Van Dishoeck
L T T -r T 1966, arrows by the author).
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2.3.1. METHLDS FER IbCNTIFYlGjh THE SECOND TTS IN THE PIS NANGE

2.3.1. Sound exposure
Exposure to sufficiently high energies (within the jolts
of the maximally permissible daily exposure) uill :e-dily
demonstrate the second TTS in psycho-acoustic experiments.
The exposure frequency sh-uld, however, be l,)w enucuh s
that the 2 dips can clearly be separated fr,m one anrither.
Two factors prompted the author to choose a closed system
for his sound exposure experiments:(1) In such a system
the intensity can be more accurately defined than in an
open sound field; (2) at the intensities used the low'
frequencies are quite unpleasant to the subjects in an
open system. In most experiments a Peerless KU4o MRF trans-
ducer served as loudspeaker. While the ratio between the
duration and the intensity of exposure is determined by
the loudspeaker used with the distortion being dependent
on the intensity, the desired efficiency of the test pro-
cedure requires that exposures should not be continued for
too long. At the intensities used (between 160 and 128 dB
SPL) the distortion in the closed system is well within the
tolerable range (Fig.3): Qtan exposure time of about 1L min.
the first 2 harmonics at an intensity of about 76 db are
unlikely to contribute appreciably to a TTS.

2.3.2. Recording techniques

2.3.2.1. Initially (Fritze 1975) a sweep-frequency Bbk~sy-
audiogram with frequencies between 3.5 and 5 kHZ was used
(Fig.4). It provided for 4 pre-exposure and 5 post-exposure
examinations (the latter within 1b minutes). The threshold
shift,the reduction in writing amplitude and the regression
of the two phenomena can clearly be seen.

2.3.2.2. In another experimental design (Fig.5) Bk~sy audio-
rams were recorded at a constant frequency of 4 kHz
Fritze 1978). This protocol is particularly useful for
routine examinations. Sofar the author has used a frequen-
cy of 4 kHz throughout. Extensive studies would be needed
to find the frequency which is optimally suited for the
PTS range.

2.3.2.3. Yet another experimental desion (Fio. 1) involved
sweep-frequency Bk~sy audiometry between 375 Hz and
6 kHz (Fritze I17P). This clearly shows the 2 distinct
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dips bhich, as mentinned, are Jnrel atec' in termc -f their
amplitudes.

Q0 - Fig. 3: F,,:'-i ir transfoarmatian : the
250 Hz trne. There is n? ev erice I any

d.l harmonics which miqht produce a secand TTi
dip in the PTS rane.
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Fig. 4: Sweep-frequency B~kesy audiogram at 3.c kHz to
5 kHz recorged 4 times preexpmsure and E times between the 2

°l
and the 10t minutes past exprsure (25[ Hz sinust-ne. 1tt dOA,
20 min.). The TTS, the reductian in writina ampl.itude anrd the
regressinn nf the 2 parameters are clearly seen.



prae 2 post exposure (min.) 81

, -

20 d[ --i.n 0 1 ' ... '
0 ri ,

* I" j J U J',1

/III ] I .1 il I

Idi '1 III

0 I t- r .d

SI t
, , I

~ jJ~7 1]'' - dB - l -,1, __________ '_______," _________

prae dB, li 'I(

mm rTj [O t OX>; SUF'

Fig. 5: For routine testing a constant-frequency recordino
technique is most useful. In the example shown the frequency
was 4 kHz. Before exposure Bbk6sy audioQram was continued to
the point of obtaining a more or less stable curve. For expo-
sure a 120 dRA, 250 Hz sinus tone was administered for 10 min.
The upper 3 curves clearly show to interindividual variabi-
lity of the dip in the TTS range. The 4th trace gives the
growth of the TTS up to the second minute repeatedly reported
in the literature for the first dip.
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2.4. PREDICTIVE STUDY

In 1978 the author had an opportunity to examine appren-

tices in a metal-working plant at the beginning of their

apprentice-ship for the dip in the high-tone range after

low-tone exposure (Fritze 1978). The protocol used is shown

in Fig. 5. In the examinations the mean TTS 2 (n= 42) at

4 kHz was 15.25 dB with a variation of 8.10. At 8 minutes

post exposure the threshold shift had regressed to 7.8 dB.

The writing amplitude in the Bbk6sy audiograms at 2 minutes

had diminished to 0.83 with a variation of 0.22. At

8 minutes it had virtually returned to pre-exposure values.

Twentytwo subjects were re-examined after apprenticeships

of 3 years. At that time a mean PTS of 6.9 d8 with a

variation of 7.5 was recorded. The relatively large varia-

tion is due to the inaccuracy inherent in audiometry, which

cannot be compensated by the B6kbsy technique. The distri-

bution range was -4 to 24 dB. On the basis of the acquired

PTS the 22 subjects were subdivided in 2 groups of identi-

cal size. Discriminant analysis using the method by

Mahalanobis seperated the 2 groups at a significance level

of p = 0.0074. For discriminant analysis the two most

conclusive variables, i.e. reduction in writing amplitude

and regression of the threshold shift, were considered.

In view of the small PTS, the inaccuracy inherent in

audiometry plays a relatively important role. Therefore a

relativ great part of the variance is not evaluable by

discriminant analysis.

Inspite of the small number of cases studied, the author

maintains that these findings constitute first evidence

of the suitability of this dip in the high-tone range for

predicting PTS. It goes without saying that further ex-

tensive studies are indispensable. In Austria such a study

is currently under way at the VOEST steel mill in Linz,

where apprentices are examined. I trust that I will be

able to report on the first results obtained in this study

at the next meeting.



3. COCHLEAR EMISSIONS

I was asked by the organizers to discuss the suitability of
cochlear emissions for predicting chronic noise-induced
hearing loss. Cochlear emissions were first described by
Kemp (1978,1979), who looked for an echo from the cochlea.

Ever since, 2 types of acoustic output (often enough referred
to as echoes) have been known: evoked emissions mentioned
above and spontaneous emicsions.
To begin with, it would seem important to know whether these
emissions are normal or abnormal events. There is presumably
a normal emission (Gold, 1948), which occurs in the course of
normal hearing. However, our current microphones are not
sensitive enough for detecting it. It is well known, that
in the presence of a pathology the nervous system continues
to exercise its physiologic functions spontaneously, i.e. in
the absence of the requisite trigger stimulus. Both sponta-
neous cochlear emissions and evoked acoustic outputs appear
to be tantamount to such abnormal functions (Davis 1983).
That we are dealing with abnormal events originating at sites
of minor cochlear lesions is supported by the following obser-
vations: several authors (Rutten 1980, Johnsen and Elberling
1982, Schloth 1982, Grandori 1983) reported that spontaneous
and evoked outputs are not consistently recordable in all.
normal subjects. There is evidence that these events most
commonly occur in patients with minor sensorineural deafness
(Fritze 1983). They are, however, not seen in subjects with a
hearing handicap of more than about 25 dB. That they are seen
in some patients with normal audiograms may have a simple ex-
planation: audiometry is not accurate enough for consistently
detecting these injuries. It is known from histological
studies that, inspite of the loss or damage of some hair
cells, the audiogram may be normal or at least near-normal
(Ward and Duvall 1971, Schuknecht 1974).

To illustrate spontaneous emissions I should like to present
the case of a 48-year-old female with a ventricular septal
defect and repeated episodes of hypotension. Audiometry
revealed minor hearing loss. From this ear 2 cochlear emis-
sions were recorded (using Fourier transformation. Zurek
1981, Wit et al.1981). That emission at about 1780 Hz was
found to be present in 12 different examinations. As the
frequency of these outputs varied from examination to
examination, they were centered and averaged. The resultant
trace is shown in Fig. 6. It consists of an extremely narrow
frequency range with a somewhat wider base. This may reflect
an inadequate synchronization at the margins of the cochlear
site from which the outputs originate with -, iltant slightly
higher or lower oscillation frequencies. Anot,,er conspicuous
feature is that the base becomes continuous with the base-
line of the curve. This base-line can easily be shown to be
produced by the noise generated by the microphone. The use
of a more sensitive microphone may, therefore, be expected
to shed some light on the frequency characteristics of this
emission.
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Fig. 6: A 48 years old female subject. Sites of spontaneous
emissions are marked by arrous in the audiogram. The emission
at about 1780 Hz was investinated 12 times; the averace is
fluven. In this case the microphone (B.A.K.4145) simply lied at
the entrance of tne outer ear canal. The sional was than A-
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ti,-n uss calculated (B.a.K.2C23, 40O lines).

Fi2i. 7: Th2 reduction o;f
amplitude of a cnchlear
emission after offset of a
masker of 4[, Hz (112 68J SPL);
also the recvery is sh-wn.
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C- chlear emissions occurrinn ofter TT experiments are
equally of interest (Kemp 1 I32, Zuicker l'-83, Firq. 7). Expu-
sinq subjects with spontaneous cochlear )utputs, the auth' r
found the emission to disappear when administerinfo interinci-
vidually veriable, adequate sound onercies. However, the c~ut-
put recurred after about 15 minutes, initially shovini scome
deformation and a lower frequency. In the interval. what may
be described as secondary emissions appeared in the periphery.
These may be explained by an exposure-related interference
with the synchronizing potential responsible for the primary
emission, with other potentially emitting sites becoming
active (Fritze 1983).
These TTS experiments are, no doubt, quite productive for
inner ear research. But as the events described are not
recorded fiom normal cochleas, I do not think they can be
used routinely for predicting a permanent threshold shift.
Further studies, particularly when using more sensitive
microphones, may uell furnish new insights into this problem.
At any rate, the auther intends to follow-up the matter.
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INTRODUCTION

Noise-induced hearing loss (NIHL) caused by chronic expo-

sure to sound pressure levels above 85 dB(A),i.e. in the upper

part of the physiological region of hearing,seems to be mainly

a problem of energy deficit of the hair cells. The big differ-

encesin individual susceptibility to NIHL indicate that some

yet unknown factors might be involved in the respective patho-

logical processes. In order to determine such possible factors,

the basic biochemical processes are discussed and some experi-

mental evidence of special biochemical influences on suscepti-

bility to NIHL is described.

1. Basic biochemical mechanisms of potential production

The primary auditory receptors are the hair cells, situat-
ed in epithelia which separate fluids of different ionic com-
position. The apical surfaces of the hair cells carrying the
mechan~sensitive hair bundles face the endolymph, a fluid of
high K concentration. The basolateral surfaces contact a fluid
rich in Na and similar to the extracellular fluid (cortilymph,
perilymph).

The receptor potentials are produced by a change of the
conductance of the hair cell membrane% In vivo, the permeating
ion carrying most of the current is K . However, the transduc-
tion channel in hair cells is non-specific.From in vitro experi-
ments, the relative signal amplitude values for different ions
were found to he

K+: 1.O, Li: 0.9, Na+ : 0.9, Rb 1.0, Cs+: 1.0, :1.3,
1. , Li0, C : 1.O , 1 .3,

Ca2: 03,(CH34N+:O.2, Mg2 +:O.O (Corey and Hudspeth, 1979)
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As in other membranes, there are also interactions of dif-
ferent ions at the hair cell membrane, e.g. Ca ions in the
endolymph are necessary for the response. With a K+ solution
at the apical surface of the hair cell, the microphonic cur-
rent was abolished if the Ca2+ concentration was reduced to
below 10 umol/l. +

Under physiological conditions, K is the operating ion.
When, for example, Na+ was substituted for K+ in the cochlear
endolymph, the response was irreversibly blocked (Konishi et
al., 1966). From the above-mentioned results it may be con-
cluded that the intracellular accumulation of Na+ must have
caused this inhibition, by the following mechanisms:

a) Na+ must be pumped out of the cell by means of an energy-
consuming process.

b) An2 tncrease of intracelluar Na + induces a loss of stored
Ca from the mitochondria and an increase of cytosolic
free Ca 2+ concentration. At an increased cytosolic Ca

2+
concentration, membrane permeability for Na+ and K+ may
be increased. Additionally, at increased cytosolic Ca

2+

concentrations, energy metabolism of the cell is stimu-
lated in order to restore the original state of the cell
(for a review see GUnther, 1981).

These mechanisms therefore lead to an increased energy
consumption and in the case of energy exhaustion, to irrevers-
ible damage of the hair cells.

2. Energy requirement of the inner ear

In contrast to the passive process of sound transmission
and impedance matching in the middle ear the mechano-electrical
transduction within the inner ear is an active, energy-consum-
ing process. Von B~k~sy (1951) has shown that the electrical
energy contained in the cochlear microphonics, as well as in
the steady displacement response of the cochlear is larger
than the energy of the input stimulus. The hair cells function
as energy amplifiers, their energy consumption increases with
increasing acoustic stimulation.

The energy supply from blood vessels to the hair cells
takes place via the perilymph - specially the cortilymph - for
the organ of Corti itself does not contain blood vessels.

Biochemical analyses of substances in the perilymph which
are essential in the energy metabolism, gave controversial re-
sults. Scheibe et al. (1981) reported no major change in glu-
cose, pyruvate and lactate concentration of the perilymph aftEr
1 h of exposure to intensive noise. In contrast to that,
Schnieder (1974) reported an increase of the lactate concentra-
tion of the perilymph after noise exposure.

However, these experiments do not describe an exact enerqy
balance, because endogenous energy reservoirs may be involved
such as glycogen and lipids being present in the hair cells in
relatively high concentrations and the glycogen content of hair
cells decreased after noise exposure. (For review see Schdtzle
and Schnieder, 1979).
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Other metabolic alterations, e.g. changes in nucleic acid
and protein metabolism or lysosomal enzyme activity depend on
the duration and intensity of noise exposure.

All these different alterations iq the cell metabolism
are influenced by the intracellular Ca concentration.

3. Factors influencing hearing loss

Thus, all conditions that increase energy consumption and
decrease energy supply of the hair cells can produce hearing
loss when there is no compensation for the energy deficit. Be-
side chronic exposure to intensive noise, an additional in-
crease of the permeability may additionally enhance the energy
metabolism of the hair cells.

These effects can be reversible when permeability and
energy metabolism are normalized before cell death occurs.
According to the time course of the pathobiochemical mechanisms,
the process can be acute or chronic.

The general pathobiochemical mechanism for each cell death
is the increase of the cytosolic Ca2+ concentration (Farber,
1981), leading to energetic exhaustion of the cell.

Effects that influence the cell permeability and the
energetic state of the hair cells, may be a reduced Mg concen-
tration or an increased catecholamine concentration.

a) Effect of Mg deficiency

Normal cell membrane permeability depends on e extra-
celluhr concentrations of the divalent cations, Ca and Mg 2+.
In experiments with rats fed an Mg-deficient diet leading to a
severe reduction of serum Mg concentration and in experiments
with cultured cells grown in a medium with low extracellular
Mg concentration, cell membrane permeability was enhanced,
followed by an increased passive ion flux and increased energy-
dependent ion pumping (GUnther, 1981; Ising et al., 1981) and
thus an increase in the energy requirement of the cell.

b) Effect of increased catecholamine levels

Catecholamines act as a - and B- agonists according to the
numbers of the a - and B-adrenergic receptors of the target
cells. a( - agonists can increase cell membrane permeability,
cellular Ca27 metabolism and energy metabolism (Exton, 1981;
Hadden et al., 1979; Tsien et al., 1982; Reinhardt et al.,1982;
Rasmussen and Goodman, 1977).

2+ B - agonists induce an increased uptake of extracellular
Ca e.g. in heart muscle cells via adenylate cyclase, cAMP,
activation of a cAMP-dependent protein kinase, phosphorylation
of calciductin, a membrane-bound protein, mediating the Ca

2+
influx (Rinalds et al., 1981).

To our knowledge, there have been no reports on o( or -
receptors of hair cells. Therefore, the quantitative role of
these general mechanisms cannot be defined for the hair cells.

Beside a possible direct effect on the hair cells, cate-
cholamines can act on the smooth muscle cells of the cochlear
arteries, leading to an altered contraction of these cells.



Again, this effect depends on the numbers ofot-andA- adren-
ergic receptors of these vessels.

As these numbers may vary in various parts of the vascu-
lar system and no reports on cc - and A -receptors of the
inner ear arteries are available, the effect of catecholamines
on the cochlear blood flow cannot be predicted.

To demonstrate sympathicoadrenergic effects on the coch-
lear blood flow,Maass et al. (1977) compared the endolymphatic
p02 of sympathectomized and normal cats (Fig. 1) as a function
of the mean aortic blood pressure. The experiment shows the
influence of the sympathetic on the cochlear blood flow regu-
lation. Through sympathectomy this regulation changes from the
peripheral type to the central type.

pO2 %
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10 20 30 40 50 6 70 80 90 100 110 120 130

pm mmHg

Fig. 1 Oxygen partial pressure (p02) as a function of
the mean aortic blood pressure (pM)

- +- 5 sympathectomized cats

- 5 non-sympathectomized cats (mean values
(Maass et al., 1977) + s.d.)

Since the contaction of smooth muscle cells is regulated
by intracelluhr Ca , it can be understood that at reduced Mg
the vasoconstriction and the effect of vasoactive hormones are
enhanced (Altura and Altura, 1981; Turlapaty and Altura, 1982).

In earlier experiments with rats, the authors could de-
monstrate that in Mg deficiency states, the release and urinary
excretion of catecholamines - particularly noradrenaline - was
enhanced (GUnther et al., 1978). When Mg-deficient rats were
additionally exposed to noise, catecholamine excretion became
furthermore increased. Therefore, noise stress may act in two
ways: 1) directly on the hair cells and 2) through an in-
creased release of catecholamines.

4. Experimental proof of influences on susceptibility to NIHL

There are some experimental results available which de-
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monstrate the influence of the two mechanisms described on the

pathogenesis of NIHL -

a) Mg deficiency and b) increased catecholamine concentrations.

a) Mg deficiency

NIHL of guinea pigs with varying Mg intake was found to
increase with decreasing Mg content of the drinking water
while the Mg content of the food was low and constant (Table I)
(Ising et al., 1982).

Table I
Magnesium content of drinking water and hearing threshold
shift of guinea pigs after noise exposure for 4 weeks.
(Mg content of food 3 m mol/kg)

Group Mg content Hearing
No. (mmol/l) threshold shift

(dB)

1 4.5 16.8 + 12.5
(n = T4)

2 2.5 22.7 + 12.8
(n = T3) ) ++

3 0.5 34.2 + 11.9
Mean values + SD (n = T4)
Significance-levels: +  0.05;++ o.

In a group of 9 Mg-deficient guinea pigs, the hearing
threshold shift after 10 days of noise exposure was negatively
correlated to the Mg content of the perilymph (Fig.2).

Similar results were obtained in rats (Joachims et al.,
1983). Normotensive albino rats NR) on an Mg-rich diet ex-
hibited a mean permanent hearing loss of 14 dB after 12 weeks
of noise exposure, whereas the mean hearing loss of rats on a
low-Mg diet amounted to 24 dB. In spontaneously hypertensive
rats (SHR), the Mg influence on NIHL was even stronger(Table JI

The individual hearing losses were negatively correlated
to the perilymph Mg (PMg) (Fig. 3). Mg deficiency alone caused
no hearing loss or other pathological defects, because in this
experiment the Mg deficiency was mild in comparison to an
earlier experiment (GUnther et al., 1978; Ising et al., 1981).
Then the animals lost weight during the last 8 weeks of treat-
ment, whereas this time there was an increase of weight even
in the Mg-deficient rats till the end of the experiment.

In Table II, the Mg concentrations in serum, erythrocytes,
myocardium and perilymph are given together with the systolic
blood pressure because in earlier experiments we could demon-
strate noise-induced stress effects on the mineral metabolism
of the myocardium as well as on the blood pressure. In this
experiment the only extraaural noise effect in NR was a
slight decrease of E Mg. The SHR, being more sensitive to
stress,exhibited noise--induced decreases of myocardial Mg(M Mg)
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and a slight increase in blood pressure in the Mg-deficient
group. Like in earlier experiments (Ising et al., 1981), noise
in combination with mild Mg deficiency (5.8 mmol/kg diet) did
not cause a decrease of M Mg, whereas under severe Mg deficien-
cy (1.6 mmol/kg diet) noise caused an M Mg decrease from 31.2
to 26.8 mmol/kg dry tissue.

In the human population, similar differences in M Mg con-
tents exist. Elwood et al. (1980) have given mean myocardial
Mg levels in humans in dependence on age and cause of death.
The greatest comparable differences were found between groups
of subjects who died at an age above 65 years from ischaemic
heatt disease - Mg: 6.4 + 1.1 mmol/kg wet tissue - and those
who died under 45 from other causes - Mg: 7.7 + 1.1 mmol/kg
wet tissue. When comparing these figures with Those from Table
II by setting the highest value equal to 1, the mean myocardial
Mg values differed in humans from 1 to 0.83 and in the rat
experiment for NR from 1 to 0.9 and for SHR from 1 to 0.86.
Can Mg therefore have a similar impatance for human NIHL?
Some additional information can be drawn from the analysis of
E Mg concentrations. Although it is clear that there is no
direct causal relationship between E Mg and NIHL, E Mg may
serve as an indicator of P Mg. In Fig. 4, the PTS values have
been plotted as a function of E Mg. By comparison with Fig. 3,
it is evident that the correlation of PTS and P Mg has been
quite similar to that between PTS and E Mg.

In our experiment, the different Mg intake resulted in
E Mq values between 2.9 + 0.32 and 4.72 + 0.34 mmol/kg dry

50

d9

20
0.3 0.4 0.5 0.6 0.7 moVI 0.8

Perilymph Mg -

Fig. 2 Correlation between hearing threshold shift and peri-
lymphoid Mg of 9 Mg-deficient (like group 3) guinea
pigs after 10 days of noise exposure /Leq = 95 dB(A),
16 h/day_7; r = - 0.86.
Perilymph samples between 5 and 10 ul were taken
through the opened tympanic bulla &nd the round
window by means of a Hamilton syringe and Mg determin-
ed by atomic absorption spectroscopy.
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Fig. 3 Noise-induced permanent threshold shifts (PTS) in

normal rats 0 and SHR X 10 days after the end of
noise exposure (3 months, 104 dB, 16 h/day) as a
function of the Mg concentration in the perilymph
(PMg). Perilymph was taken from the live,

anaesthetized rat.
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Fig. 4 Noise-induced permanent threshold shifts (PTS) in

normal rats 9 and SHR X 10 days after the end of

exposure as a function of the Mg concentration in

the erythrocytes (EMg) , used as an indicator for PMg.

tissue. These values permitted a comparison with human E Mg

values. In a group of 30 workers, we foutd a mean value of



7.5 + 0.7 mmol/kg dry cells for the five persons with the
highest E Mg, the five lowest E Mg values, being 5.1 + 0.1
(Ising et al., 1980), resulted in a variation of 1 to 0.68.
The corresponding figures in the rat experiment were 1 to 0.64
tor NR and 1 to 0.60 for SHR.

The Mg decrease in the perilymph (1 - 0.77 for NR and
SHR) was slightly smaller than in the erythrocytes but totally
incomparable to the serum Mg concentrations. E Mg seems to be
a suitable model for P Mg.

These considerations suggest that in the human population
the variability of P Mg may be of a comparable magnitude to the
experimentally induced P Mg variations in rats. Therefore it is
possible that Mg may have a comparable importance for human
NIHL as in the animal experiments reported.

b) Increased catecholamine levels

In a 3-month experiment, Wistar rats were noise-exposed
and injected with catecholamines 3 times per week; the controls
received NaCl (Uhlig, 1983). Hearing threshold shifts 3 to 8 h
after termination of the noise exposure are given in Table III.

Table III

Differences of hearing thresholds in Wistar rats as compared
to controls 3 to 8 h after 10 weeks of noise exposure plus
three subcutaneous injections per week,

Group 1: NaCl, Group 2: epinephrine 100 ug/kg body weight +
norepinephrine 400/ug/kg

Hearing thresholds shifts (dB)

Group Frequency: 5 kHz 10 kHz 20 kHz

1 30 + 4 37 + 3 43 + 5

2 40 + 8 55 + 6 64 + 6

The catecholamine injections without noise exposure had no
effect on the hearing threshold.

Since nicotine is known to increase catecholamine release,
nicotine may also increase the susceptibility to NIHL. Handrock
and Matthias (1982) reported a noise exposure experiment where
half of the rats received 5 mg/kg body weight and day nicotine
per os.

The results are shown in Fig. 5. Three days after the
treatment, the mean hearing threshold shift of the nicotine
group was 26.4 dB in comparison to 17.5 dB in the controls.

Although Bobbin and Gondra (1976) did not find an influen
of nicotine on human NIHL there may be some effect because of
the mentioned increase of catecholamine release by nicotine.
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Fig. 5 Hearing threshold shift (HTS) of rats during and

after noise exposure.

- - Control (mean values + s.d.)

- Nicotine, 5 mg/kg body weight and day

(Handrock and Matthias, 1982).

Chronic Suboptimal

noise - exposure Mg - intake

Stress: Decrease of
intracellular Mgincreased increase of

catecholamines intracellular Ca

Increased aural

risk

Fig. 6 Chronic noise exposure in combination with suboptimal
Mg intake leads to an interaction of stress and Mg
decrease resulting in increased aural risk

The reported results show that increased catecholamine
concentrations increase the susceptibility for NIHL. Further
research must show whether this is caused by vasoconstriction
of the cochlear blood vessels or by a direct catecholamine in-
fluence on the hair cells.



CONCLUSION

Two important conditions for increased susceptibility to

NIHL are

1) Mg deficiency and

2) increased catecholamine concentrations.

These two conditions may act simultaneously and thus have an

additive effect on susceptibility to NIHL.

Beyond this, these two conditions were found to be inter-

related (Fig. 6) and thus amplifying each other through a feed-

back mechanism (Ising et al., 1981).

Since the basic mechanisms of sound transduction in the inner

ear are related to membrane permeability and energy-dependent

transport mechanisms both of which are influenced by Mg and

catecholamines, the long-term interaction of Mg decrease

and increased catecholamine concentrations are likely to in-

crease the risk for human NIHL.
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INTRODUCTION

Use of personal hearing protection devices represents

the most common means of reducing the level of hazardous

noise reaching the ears of the individual subjected to such

noise. Perhaps the most common and universally accepted

means of determining the amount of noise attenuation provided

by the hearing protector is known as the real-ear

attenuation-at-threshold (REAT) procedure. The REAT

procedure forms the basis of several national standards for

the assessment of hearing protector attenuation, including

those of the United States (ASA Z24.22-1957 and ANSI S3.19-

1975), Great Britain (BS 5108:1974) and Canada (CSA Z94.2-

1974). The REAT technique simply involves the measurement of

hearing threshold for narrow-band or sinusoidal acoustic

signals both with and without the hearing protector placed on

the listener. The difference in the two hearing thresholds,



protected and unprotected, represents the amount of

attenuation provided by the hearing protector.

When the attenuation estimates derived in this manner

are applied to typical hazardous noise environments, however,

an assumption of attenuation linearity is invoked. That is,

low threshold-level acoustic signals are used in the REAT

procedure to determine the amount of protection to be

provided by the hearing protector in the high levels of noise

in which it is to be worn. hence, an assumption made is that

the attenuation measured at low sound levels is the same

provided ov the protector at high sound levels.

SeVLtaJ previous investigators have examined the

critical assui.'tion of attenuation linearity. A variety of

methods have been employed with wide disparity in outcome;

some supporting linearity, others suggesting reduced

attenuation at high sound levels. Three basic approaches

have been used by previous investigators to assess the

linearity of hearing protector attenuation. These are:

(1) comparison between loudness judgments of high-level sound

made in the protected and unprotected conditions (Webster,

1955; Hershkowitz and Levine, 1975; Weinreb and Tougher,

1960; Jay, 1977); (2) differences between physical

measurements made with microphones on cadavers, artificial

heads, or real ears in the protected and unprotected

conditions (Martin, 1979; Osmundsen and Gjaevenes, 1981;

Rood, 1982; Humes, Konkle and Sanders, 1982; Berger and

Kerivan, 1982; Preves and Pehringer, 1983); and



(3) differences between the ability of an air-conducted noise

to mask a bone-conducted pure tone in the protected and

unprotected conditions (Damongeot and Lataye, 1982; Brinkmann

and Brocksch, 1976; Humes, Konkle and Sanders, 1982).

For the majority of these studies measurements were made

with the proposed experimental procedure and compared to the

attenuation estimates obtained with the REAT technique.

Seldom was more than one experimental technique explored.

Moreover, the experimental technique was typically applied at

just one high noise level. In an effort to better understand

the wide disparity in outcome of these studies, several of

these same procedures were evaluated in this study on the

same group of subjects employing the same acoustic signals

and the identical acoustic test space for all procedures and

listeners. In particular, attenuation estimates were

obtained with two loudness-related procedures (magnitude

estimation and reaction time), a masked bone-conduction

procedure and a physical measurement (miniature microphone

applied to real ears). Results from 10 hearing protectors (5

muffs and 5 plugs) are compared to attenuation estimates

derived with the REAT technique.

MATERIAL AND METHODS

The methods employed in this investigation have been
described previously in Humes, Konkle and Sanders (1982) and
Humes (1983). Briefly, ten normal-hearing young adults
served as subjects. The acoustic signals and test space were
as required by the American Standard (ANSI S3.19-1975) which
makes use of 1/3-octave-bands of noise presented to the
listener seated in a diffuse sound field. An exception to
this generalization involves the masked bone-conduction
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procedure in which different stimuli were employed (octave-
band masker and sinusoidal bone-conducted signal).

The experimental procedures employed in this study
require brief review. For the two loudness-related tasks,
the basic approach was the same, although the means of
estimating loudness differed considerably. In one method, a
magnitude-estimation procedure (Stevens, 1975) was used to
measure the growth of loudness with increase in stimulus
intensity in both the protected and unprotected conditions.
Two such functions are illustrated in Figure 1. The open
circles represent the group data for the unprotected
condition while the solid circles show the data for the
protected condition. These data were obtained for protector
No. 8 (an earplug) for a 1/3-octave-band of noise centered at
4000 Hz. The horizontal shift of the solid circles reflects
the amount of attenuation provided by the protector at low
(48 dB SPL) and high (88 dB SPL) noise levels.

Magnitude Estimation
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Fig. 1. Data obtained with magnitude-estimation
procedure.

in the magnitude-estimation procedure, subjects simply
judge the loudness of the noise presented at a randomly



selected intensity and assign a number to the stimulus on the
basis of the perceived loudness. The other loudness-related
procedure provides a less direct estimate of loudness and is
based on the relationship between a sound's loudness and the
tilne required by the subject to react to its presentation
[See Scharf (1980) for review]. This procedure is referred
to as the reazction-time paradigm. Basically, the louder a
sound, the shorter the reaction time. This is evident in
Figure 2 which displays two reaction-time/intensity
functions, one for the unprotected condition (open circles)
and one for the protected condition (solid circles). Again,
the horizontal displacement of the protected function
reflects the amount of attenuation over a range of noise
levels (approximately 50-90 dB SPL). The data shown are
group data (N = 10) for protector No. I and a 1/3-octave-band
of noise centered at 4000 Hz.

500

400-
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i-300

4000 Hz

Protector:1

200 • I I
0 20 40 60 80 100

Noise Level in dB SPL

Fig. 2. Typical results from reaction-time paradigm.

The physical measurement technique made use of a
miniature microphone and accompanying interface (Starkey
Laboratories) which was carefully placed in the subject's ear
canal. Sound pressure levels measured by the microphone in
the subject's ear canal for an 85-dB-SPL sound-field noise
level were recorded for both the protected and unprotected
conditions. The difference in these two values furnishes an
estimate of attenuation at high noise levels. Only 1/3-
octave-bands of noise centered at 1000 and 4000 Hz were
examined with this procedure. Due to difficulty inserting
the plug-type protectors to the recommended depth with the

, , , I IW



microphone remaining in the ear canal, moreover, this
technique was only applied to muff-type protectors.

Finally, the masked bone-conduction procedure measured
the ability of an octave-band of air-conducted noise to mask
a bone-conducted pure-tone signal centered in the noise. The
bone-conducted signal was applied to the forehead with a
Radioear B-70A bone oscillator. The average octave-band
level of the noise was 83 dB SPL. Threshold for a 500-ms
signal was measured with and without the hearing protector in
place. The difference in these two masked thresholds
provides an estimate of the attenuation provided by the
protector. For the unprotected condition, at least 45 dB of
masking was produced for all subjects. This assured that
when the protectors were in place and reduced the masking of
the bone-conducted signal by attenuating the air-conducted
sound-field noise, attenuation values of 45-50 dB could be
measured validly.

Each of the ten subjects had their own set of earplugs.
For muff-type protectors, three separate hearing protectors
were rotated in use. Table 2 in Humes (1983) provides a list
of the hearing protectors used in this study.

RESULTS

Results obtained with the various procedures are shown

in Figures 3 and 4 for the muff-type and plug-type

protectors, respectively. Average data are shown for noise

bands centered at 1000 and 4000 Hz. Several observations can

be made from the data displayed in these figures. First, the

two loudness-related procedures, magnitude estimation (solid

circles) and reaction time (open circles) , suggest that

attenuation is linear over the range from 50 to 90 dB SPL.

Second, although these two procedures suggest linearity of

attenuation, they both estimate attenuation to be from 3 to

15 dB less than that measured with the standard REAT

procedure. Third, the miniature microphone measurements

(Figure 3, open triangle) and the masked bone-conduction

procedure (solid triangle, 4000 Hz only) yield estimates of



attenuation at high noise levels that are in much better

agreement with the results of the REAT technique. No data

were obtained with the masked bone-conduction technique at

1000 Hz in an effort to avoid the potentially confounding

influence of the occlusion effect.

35 1000Hz
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0- 0. . 0 --
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30 so 70 90

1/3 OCTAVE-BAND NOISE
LEVEL IN dB SPL

Fig. 3. Mean attenuation for five earmuffs at

1000 and 4000 Hz.

The general observations drawn from the data pooled from

all five muffs or all five plugs shown in Figures 3 and 4

apply as well to the data obtained from individual

protectors. Moreover, additional data obtained at 2000, 3150

and 6300 Hz for all procedures except the miniature-



microphone technique are also supportive of these general

findings (Humes, 1983).
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Fig. 4. Mean attenuation for five earplugs at
1000 and 4000 Hz.

CONCLUSIONS

Several conclusions can be drawn from the results of the

present study. First, the assumption of attenuation

linearity appears to be a valid one for the ten protectors

evaluated in this experiment. Linearity was observed in this

study for 1/3-octave-band noise levels up to approximately 90

'61



dB SPL. A broad-band industrial noise having 1/3-octave-band

levels of this intensity would approach an overall level of

95-105 dB SPL depending upon the spectral shape of the noise.

Second, although the two loudness-based procedures

evaluated in this study indicated that attenuation was linear

from 50-90 dB SPL, they consistently yielded lower estimates

of hearing-protector attenuation. The reason for this

underestimation is not clear. This finding, however,

indicates that comparison of attenuation estimates derived

with the REAT procedure to those derived with either method

at only a single high noise level would lead one to conclude

erroneously that attenuation decreased at high noise levels.

The present data suggest that attenuation derived with these

two loudness-based procedures is less than that derived with

the REAT technique not only at high noise levels but at noise

levels only 10-15 dB greater than those employed with the

REAT procedure. Attenuation in linear but reduced, relative

to that derived with the REAT method.

ThiLd, :_- the masked bone-conduction procedure and the

real-ear P %!al:ure-microphone technique yielded attenuation

estimates within 3-4 dB of those derived with the REAT

technique. Each procedure has associated advantages and

disadvantages. Regarding the miniature-microphone

measurements, advantages include the objective nature of the

data and the ability to derive personal noise attenuation

values for individual wearers as opposed to applying group

>.tta to individuals (e.g., Berger and Kerivan, 1987- Preves



and Pehringer, 1983). The primary disadvantage with this

method at present concerns the inability to use the technique

with plug-type protectors due to the physical size of the

microphone. The increased emphasis on the miniaturization of

microphones, however, may soon alleviate this problem.

The particular masked bone-conduction procedures

employed in this study also had some inherent difficulties.

The frequency of the bone-conducted signal was restricted to

frequencies 2 2000 Hz, for instance, to avoid the

potentially confounding influence of the occlusion effect

when comparing unprotected to protected hearing thresholds.

In addition, the range of noise levels available is

restricted due to limitations in output of the bone-

conduction transducer. Finally, averaged data from groups of

subjects would appear to be necessary. An advantage,

however, is that the same basic threshold-measurement

procedures used with the REAT method can be used with the

masked bone-conduction procedure. Moreover, the problems

mentioned previously regarding the occlusion effect and the

output limitations of the bone oscillator have bcen avoided

in the masked bone-conduction procedure developed by

Brinkmann and Brocksch (1976).

The masked bone-conduction and miniature-microphone

methods should both continue to be explored as supplements to

the REAT procedure. A procedure enabling the assessment of

attenuation at high noise levels is needed in national

standards to ensure linearity of attenuation in the protector

being evaluated.
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I NTIRODUCTI ON

Nine years after the introduction of the West German hearing conservation

programme noise induced hearing loss is still the occupational disease No.1

with 2007 first copensated cases in 1982. So we must state that hearing

protectors and monitoring audiometry are not as effective as we expected

them to be. This paper shall contribute to increase the efficiency of hea-

ring protective devices (HPDs) by proper selection.

TOTAL ENERGY PRINCIPLE AND HEARING PROTECORS

One of the most important contributions on the employment of HPDs in hea-
ring conservation programrnes was the publication of Else (1973) on the re-
duction of the exposition level (individual rating level) by hearing pro-
tectors as a function of the wearing time; the effective sound attenuation

Zeff of a HPD, see figure 1, (that means the reduction of the noise dose)

depends on the wearing time T after

(1) Zeff Z ° - 10 lgl-!(T + (8hIT).10Z/ (10 dB)) dB
e-f( 0 (8-Th10

°

wherein Z. is the sound attenuation for a given noise.

On the basis of the total energy principle the results of Ivarsson et al.
(1980) could be understood, who found out, that workers wearing high attenu-
ating muffs showed worse hearing loss then "plug men" waering Bilsam wool
after an equal exposition. Lcwer wearing comfort of the muffs an the worsen-
ing of the acoustical cmmunication by the low pass filtering cause a shor-
ter daily wearing time and in consequence a lower effective attenuation.



Frcan this the following consequences have to be drawn:

" The HPD wearing comfort must be increased
" Overprotection and acoustic isolation especially in cases of

hearing loss must be avoided
" Proper selection of HPDs for a given noise situation is necessary.

Ih

',: 102 t dB

6.",7 7. 8

Wuat ino tiJ 'r

Fig. 1 - Effective sound attenuation of HPDs with Z = 30 dB, 20 dB and
10 dB as a function of the wearing time (ater Ivarsson et al.)

WEARING COMFORT

To minimize the detraction frcn well-being caused by HPDs it is necessary
to increase the wearing comfort. Wearing confort is almost a subjective
criteria. Therefore the user should always have the choice between diffe-
rent HPDs. But there are objective criteria too, which give access to
testing, correlating well with the average subjective assessment.

TESTING OF HEARING PROTEzrQRS

Brinkmann et al. (1982) recently reported on the test methods of the German
Standard DIN 32 760: Hearing protectors - concepts, safety requirements,
testing. As an authorized testing institute in accordance with the West
German Equipment Safety Act our institute has tested 80 types of hearing
protectors not only on their sound attenuation - which is certainly an im-
portant but canonly overvalued parameter (see above) - but on a multitude
of different mechanical, thermal and software properties (see figure 2).
Wearing comfort correlates with all those detail tests marked with an aster-
isk. The testing results demonstrate, that the non-acoustical requirements
on HPDs are as important as the acoustical criteria at least. About 50% of
the bearing protectors do not meet the requirements.
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Fig. 2 - Hearing protector testing according to DIN 32 760: Numbers of de-
tail tests carried out and cases with negative test results 1978-
1983.



NIPTS-RISK REDUCTION BY HEARING PFOTECI'ORS

Misinterpretation of the total energy principle consequences (see figure 1)
might lead to the conclusion that HPDs are not effective at all at most
working places. Usin% the ISO/DIS 1999 - Hearing loss model to calculate
the damage risk results in convincing arguments for hearing protectors.
After Rser (1973) the percentage of hearing loss for speech H s can be de-
rived approximately from the pure tone audiogram according to

(2) HLs = HL kHz + {HL3kHz/2 - 15 in %.

In our compensation system (based on speech audiometry!) a hearing loss
i{Ls ) 30% can be compensated. Using HLs > 30% as a damage risk criteria and
the ISO/DIS 1999 pure tone audiogram hearing loss distribution, we can cal-
culate the percentage of critical exposed as a function of the exposition
level with sex, age and exposition time as parameters. Figure 3 shows th.
results for 45 years old male subjects with different exposure times t. The
protective function of HPDs - e.g. a muff type hearing protector worn only
6h out of the daily 8h exposure time, with Zo = 30 dB, Zeff = 6 dB, LEX,8h=
100 dB(A) and t = 25 years - is evident: The damage risk is reduced by this
HPD from 29% below 5%. Even a not always worn hearing protector reduces the
risk for NIPTS (noise induced permanent threshold shift). To increase the
efficiency of HPDs suitable devices must be offered.

. 40,
t 10

90

L s ti ,

Fig 3 - Damage risk calculated for 45 years old male populations
(HLs ) 30%, after (2)) with exposition times 5-25 years as a
function of the exposition level on the basis of ISO/DIS 1999.



HEARING PjI'EXNR SLEX='TION STRATEGY

Hearing protectors should be carefully selected from the market with re-
spect to the working environment. For this purpose we elaborated a selec-
tion strategy, which was successfully tested in several industries and
which now is reccmmended by the Verein Deutscher Ingenicure (VDI recammen-
dation 2560, 1983).

1. Type approved hearing protectors!
Hearing protectors must meet the safety requirenents of DIN 32 760 (see
above) after the Equipment Safety Act. Type approved hearing protectors en-
sure:

- a defined sound attenuation and a minimum characteristic sound attenu-
ation Z > 17 dB,

- good lifetime of the HPD,
- acceptable wearing comfort.

2. Muffs or plugs?
Plugs are recommended

- at working places with permanent noise unrission,
- if sweating under muffs is complained,
- if spectacles or safety glasses and hearing protectors must be worn

simultaneous ly
- if muffs are not worn,
- if audibility and recognition of signals is of importance.

Muffs should be chosen

- if the hearing protector must often be put on/taken off, e.g. short
stays in noisy areas or at intermittent noise,

- if plugs are not tolerated by reason of too narrow ear canals,
- if the user shows liability to inflammation of the ear canal, if plugs

are incompatible.

3. Selection for the sound attenuation and acoustical properties of the HPD

Hearing protectors are commonly not selected from the market by acousti-
cally trained persons. The information on the noise at the working place
available is rather poor - mostly the A-weighted equivalent continuous
sound pressure level and the sound impression are available. With these pre-
mises we introduced the recommended level ranges for tested HPDs (Pfeiffer,
1979). This method results in two level ranges in which the HPD under con-
sideration should be worn. The two ranges correspond to the noise class I,
middle- to high-frequency noise, or to the noise class II, low frequency
noise. The noise classes are differentiated by:noise class I: LC-LA < 6 dB/
noise class II: Lc-LA ) 6 dfB. Measurements of Lc-LA or lists of comparable,
tyical noise sources (see tables I and 2) will help to distinguish on the
oasis of the sound impression.
The two reccmended level ranges will be derived from the sound attenuation
data di (i = I...8, mean values for the 8 octave centrefrequencies 63 Hz-
8 kHz) and s i (standard deviations of di) with the following algorithm. For
each of the 19 spectra in table 3 Lj must be calculated froin (3).
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(3) Lj = LC + 100 - 10 logi_100-"iLj ]_ dB

wherein

(4) L. L. - d. + sj; i 1 ...8; j = 1...19; d. - s. 0
1] 13 11 1

L..: A-weighted test spectra (see table 3)13

LG : Lower limit rating level for the development of NIPTSLG = 85 dB(A) after DIN 45 645, part 2.

The minimum of Lj (j = 1... 8) is defined as the upper limit of the recom-
mended level range of noise class I. The minimum of Lj (j = 9... 19) is de-
fined as the upper limit of the reccmrnended level range of noise class II.
The lower limits of the reccamnended level ranges are chosen 15 dB below the
upper limits, if not< 85 dB(A). If the upper limits minus 15 dB are smaller
than 85 dB(A) LG = 85 dB(A) is defined as the lower limit of the recormn-
ded level range. The calculation of the recamrnended level ranges is carried
out by the testing institute.

air-nozzles jolt squeeze machines
band saw (wood) knitting machines
circular saw (wood) looms
cleaning of castings metal forming press
concrete vibrating equipment paper making machines
Diesel engine pounding-up machines
electrical welding puncher
filler relief rotary press
flame-cutting rock drilling machines
folding machines spinning mill
forging hanmver straightening
grinding machines sugar centrifugal MaChifl e's
gun-nailers wood planer
injection machines

Table 1 - Examples of noise sources of noise cl, ,; I

annealing furnace dic castIn : ;,w-
blast furnace Jredqer te:<x-'.,1t, 1
boiler blower edge nu 1
bulldozers electric 1',tIt 1:1:
ccnpressors motor krn'.tt
converter trans fo ntr ru:
cupola furnace trucks

Table 2 - Examples of noise sources of noi.s c, 'I i

After decision for noise class I or 11 the A-woii-teti iat 1:.,, i,
working place shall be within the recnmendod level rxii*h; i' t:i HiI
has a suitable sound attenuation.
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Spectrum L.. in dB; i = 1.. .8 LC - LA

No. j Octavebands in Hz in dB

63 125 250 500 1000 2000 4000 8000

1 51 62 71 80 88 95 96 93 -1.4
2 57 68 78 86 93 95 94 91 -0.5
3 59 71 81 89 96 95 93 87 0.5
4 63 75 84 92 96 94 92 87 1.5
5 65 77 87 93 95 94 90 85 2.5
6 67 79 89 94 95 93 89 83 3.4
7 70 81 90 94 94 93 90 86 4.4
8 73 84 91 95 95 92 89 83 5.5

9 74 85 92 94 95 92 90 82 6.4
10 77 86 93 94 94 93 87 82 7.6
11 78 88 94 94 94 91 87 83 8.5
12 78 90 92 94 94 92 88 80 9.5
13 81 91 95 94 92 89 85 79 10.6
14 83 92 94 94 93 90 86 81 11.5
15 84 92 93 95 92 89 86 77 12.4
16 85 94 93 95 91 88 82 74 13.4
17 86 95 94 93 92 87 85 79 14.5
18 88 96 91 91 91 90 84 79 15.8
19 90 93 94 93 88 86 88 89 16.7

Table 3 - A-weighted octaveband test spectra averaged from 700
industrial noise spectra (Pfeiffer, 1979).

This method has the advantage of easy selection without calculation, it
avoids over- and under-protection. There are many other selection methods -

some more precise included - which can certainly be used too.

If the recognition of speech and/or noise with information content - e.g.
the sound of drop forging changing with the die's position - is necessary,
hearing protectors with a flat attenuation curve (as with most plugs)
should be preferred.

According to ISO/DIS 7731 subjective tests on the discriminibility of audi-
tory danger signals shall be performed with at least 10 subjects (including
elder and/or persons with hearing handicap) using their HPD.

Directional hearing is impaired by hearing protectors. The up/down- and the
front/back-position finding with plugs seems to be better compared to muffs.

4. Subjective tests on wearing comfort

After the first three steps divers types of hearing protectors should be
offered to the user's choice to exclude individual trouble wit the HPD.



CONCLUSIONS

At noisy working places, where the described selection strategy and conti-

nued motivation for personal hearing protection are applied, up to riore

than 80 percent of the employees wear their HPD. IHigh sound attenuation

should not longer be the most important sales promoting argument for the

hearing protector, since high- and low-attenuating Y1PDs are needed as well.

w aring comfort still must be improved; to be able to test this property

objectively, we need more sophisticated test methods.
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1I~t D U kXC T ILL

Long-term investigations of noise in coal mines rove-

ald the problem of takimg measurements at test stands with

a great hazard of mrtnane explosion.The application of con-

ventional sound-level meters and noise dose meters is prohi-

bited,and even special apparatus,scarcely available in most

countries,cannot be applied if the concentration of methane

exceeds 1% 1.A nigh methane hazard is significant for coal

mines in Poland.

In order to facilitate the evaluation of noise hazard

at the work yplac in coal mines attempts have been made to

apply TTS me asu ,ejrnts ], [j , [ [4].

:aking use of this method the authors were fully

aware of the fact that TTS m, asure, jt carried out in full-

-scale industrial conditions can assure only a tentative

razard -valuation.The necessity to find some method of evw--

luating the noise hazard in conditions when the danger of

m thane explosions is continuously rising has made us take

up th so investigations.

CKA-ACRAWRI, IC CF T!-1 ACOUSTIC CLI: AT,-,.

For the purpose of taking _casuremcnts five a. to of'

t-p.t <tanis have b en sc lected,all of them displaiyin ti,



.:t r: ImC t, rd - t i e .etOi para te rn. 'n aI the( i-v'-. til/-

A cane P the nam,,e wan criaracte ri.,- by ~cn oal h
c:autlit. in ti iiits imic yan a:ooontinc to mr tee-n '10d .
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i o t o be 3c cn i n F i . I

____ '

f___ 10 ______________

A9__ 0s ___________________________ _______
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Fikr. I- Ar. iexample of a tine. iiin tory for thie test Ftands
of set 11.

In the cane of each ne-t of test stands donjac(tric inea-
-urements were taken within neven !bourn ,and the enouival(nt
lfveln of noine were dem~nd

Set I- L~ = IC d (A, ( A t I I - L d~ 3A)eq eO
-et III - L =3 ±2(A), ne t IV -'L 33<,eq e
s et V - L, 105 dt3(A). e

Inene equivalent levels vvere ce e n'ia Tr-an col-I
en of the levels varying xit' tm tiac tine in whien Tis

.c urements were carried out.Tlic floi3e n ma:Ctr-e of 'III t Qt

of tent stancdn displayed L-j pru:'onderarice c:f menciu: 1m' r, ) Z-

cius (400- to 20CC iiz).
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their work place n in thec coo r,,e( of1 to 6 vYearn.AIL of' tem

rii to underiro otolcn-ical xamin-it ann, of the r hr, orlng ",o-

wer unt welIl ain -t Led tri to, -nt ot. Furtle r t



were carried out on those,whose audiogram did not show in

any frequency that was tested a loss of more than 10 db,tv

difference between the left ear and the right one not ex-

ceeding 5 dB.These tests comprisea > persons in set I,

24 in set 11,26 in set III, 24 in set IV and 20 in set V.

The latter number is so small due to the fact that only few

people were employed in places with a hirh value of L -eq
=1G5 dB(A),who according to the criteria given a,. ve would

prove to possess a normal sense of tearing.

TiA oETAOL OF TTS INVESTIGATION3.

TTS measurements were taken by means of a specially con-
structed audiometer fed by a battery (Fig.2).This audiometer
generated signals at three frequencies,viz.5OC,1000,2000 Hz,
the sound pressure level ranging from 10 to 80 dB in steps
5 dB.The audiometric zero was fixed in compliance with the
ISO standard.The signal was transmitted by TDh-39 ear-phones
mounted in PKIX 50/10 cushions.

TTS measurements were taken before the employees started
their work and about 3 to 5 minutes after they had been ex-
posed for 7 hours cr so to the effects of noise at places
were the sound level of the acoustic background did not
exceed 40 dB(A).Every day only one or two workers were suo-
jected to TTS tests.ieasurements were taken successively at
the frequencies 500,1000, and 2000 Hz,thc test at 500 z
being repeated once again.The TS was determined for only
one ear (the right one).The tested person had to signalize
the reception of the signal by pressing a button.The lapse
of time between the termination of the exposure and the
cessation of the audiometric measurement amounted on the
average to 3- 5 minutes.

Before the investigations proper could be startvd,instruG
-tional tests were carried out in order to inform the partak-
ers about the way in which the tests should be performed,
and also to provide some practi-e for the investigating
staff.Next the investigations proper were commenced,each
test bein arried out twice on different days.Tost of the
tested pn rsons proved to display only small scatters of re-
sults obtaind on two successive days,which equalled the
accuracy of the measurement (5 dB).

RI SULTS

Firs. , - 7 repreent the results of TT easurements

:or live Kroups of tested workers. The diagrams ineluie tcat

r sults for each of the test-"d frequoncy ; the full line A-

not, s the moian value we ar-s' tn- ::rU linos rpprerent <,



FJF. ?-The specially, consotructed audimrtr for- ITS m~ea-
surements.
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the standard deviationl
- from the mean value.

The numerical values have been gathered in Table I.

Table I

Set Popula- Lc 
8 av

No. tion dBA) 500 HZ loco Hz 2000 iiz

I 54 90 1,91 * 2,46 1,02+2,24 0,50 ± 1,64

II 24 93 j,75 1 2,21 J,01 ±2,45 2,29 ± 2,54

III 26 95 8,08 ± 0,76 6,55 7 10,S8 t 9,27

IV 24 98 12,28 t 7,52 9,38 t6,48 17,71 ± 9,55

V 20 105 26,25 1 7,59 23,0 !5,48 20,5 ± 6,26

In orer to determine the dependence of the TTS value on th2

equivalent level Leq the mean values gathered in Table I

were analysed regressively, by means of the method of least

squares, assuming that the relation of TTS and Leq takrs W.

following shape:

Leq= a . (TTS)b

The calculations which were carried out have made it possdb-

le to determine the curve equation as well as the correla-

tion factor rxy"

for f - 500 Hz LA 86,08 . (TTS)'0 5 5 8 2  rxy-0, 0:I
1 eq C26 xy

for f - 1000 Hz L 87,85. (TTS)0'0 2 1 6  rx 0,974

for f - 2000 Hz Leq 90,81 (TTS)O '0 V0 5  rXY - 861
3eq xy 086

Fig.8 represents the diagrams of the aforesaid relations.

The position of the experimentally determined points concer-

ning the respective frequencies has been indicated,too.

The calculated values of the factor r indicate a goodx y
correlation of L and TTS.Even in the case of the frequencyeq
2000 Hz the value of the correlation factor is greater than

0,7 , so that the determined interdependence may be general-

ly considered to be correct.

If we analyse the dispersion of the measuring results

presented in Figs.3 to 7, particularly for the higher values

of the equivalent value L - 05 d?(A), 18 dh(A), we notice
eq

a particularly lrge scatter of results measured at the
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Fig. 8 - Diagrams reprcsenting the relation L f(TT).

eq

frequency 2000 Hz,0-9 dB.The intersection of the curve repre-

senting the relation L 0 = f(TTS) for the frequency 2000 H=z

with the curves determined for the freque ncies 1000 and 500

liz is questioneable,too.

An attempt to explain this effect revealed that the meca-

suring results are influenced by the position of the ear-

-phone and the sealing cushion in relation to the acoustic

external meatus,in particular by leakages at the contact

surface of the ear-phone cushion and the skull. In spite of

the comparatively high value of the correlation factor

rx- 0,861,the interpretation of the measuring results con-

cerning the frequency 2000 Hz is controversial.

CO NCLUS IONS.

Measurements of TTS within 3 to 5 ninutes from the cess:a-

tion of noise exposure,which were carried out in full-scale

industrial conditions, have nade it possible to evaluate

the equ:.valent sound level in which the tested persons had

been abiding. The obtained resul ts show that the accuracyv of

estimation depends on the rium<oe; of persons that had been

tested.In the author s o~ojirion ot least 10 workers shouli
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be subjected to such investgations.

When this proposed method of evaluating tr',e e , ezard

by means of TTS measurements is appliedpeopi< with a normal

aediologically checked hearing power ought to be sciected.

In industrial conditions audiometric measurements should

rather oe carried out at lower frequencies (500 lz,1CCC ::z),

because then random errors can be avoidcd.Althouh TTd !iea-

surcments at higher frequeneiros yield - according to several

authors (53 - higher TTS values,they eneu;bere d with consi-

derable errors in the case when the tested Nor.< rs amie expo-

sed to the same level of noise ; these errors are due to the

not identical position of the ear-phone in relation to the

acoustic meatus.

The results presented in Fig.8 - conc(rn noise with a pre-

valence of medium frequencies (400 to 20CC Hz).According to

literature the TTS values depend on the ncise spectrum[5].

It has been considered to determine the relation L -f(TTS)
eq

for noise spectra according to Waugh's classification[5].

This would make it possible to apply this method for evalua-

tion of the efficiency of individual ear protectors,as they

are used in real industrial conditions.
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SERIAL CHANGES IN AUDITORY THRESHOLDS FROM 8 TO 18 YEARS IN RELATION TO
ENVIRONMENTAL NOISE EXPOSURE

Roche, A. F., Mukherjee, D., Siervogel, R. M., and Chumlea, Wm. C.

Department of Pediatrics, Fels Research Institute, Wright State University

School of Medicine, Yellow Springs, Ohio U.S.A.

Children may require special consideration in regard to environmental

noise. A loss of hearing sensitivity may have more effect on function

than in an adult because it may lead to a learning disability. Despite

its importance, there have been few effective studies of hearing

sensitivity in children in relation to noise exposure. It is not clear

whether noise exposure is more likely to cause temporary threshold shifts

in children than in adults. Some data indicate a greater sensitivity in

children, in agreement with histological studies of animals (Jauhiainen

et al., 1972; Bock and Saunders, 1977; Dodson et al., 1978; Lenoir and

Pujol, 1980). Others have suggested the young are less susceptible than

adults but recover more slowly (Ward et al., 1958; Wagemann, 1967;

H4tu et al., 1977).

Cross-sectional United States National surveys provide circumstantial

evidence that adolescents may be exposed to hazardous levels of noise

(Glorig and Roberts, 1965; Roberts and Huber, 1970; Roberts and Ahuja,

1975). These surveys show little sex difference in sensitivity at 11

years but, in youths and young adults, the hearing sensitivity of male-
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is less than that of females at 4 kHz. Permanent shifts due to noise are

noted in boys aged 16 to 18 years with firearms, farm machinery and music

as common sources (Weber et al., 1967; Litke, 1971; Hanson and Fern, 1975).

MATERIAL AND METHODS

The findings to be presented are from analyses of data, recorded each
six months, for 270 children aged 6 to 18 years. At the end of this
6-year study, 97.5% of the participants were still active. These
children of middle socioeconomic status, lived in Ohio and were not
selected because of any recognized disease or disorder. Data from nine
children with chronic auditory problems have not been analyzed. Temporary
pathological changes that could affect test results were present in other
participants at 52 examinations. The data for these examinations have
been used only in analyses related to significant threshold shifts.
Details of the methodology are availab-le (Roche et al., 1982).

RESULTS

Examination Effects. Serial threshold data may be affected by

familiarity with the test environment, knowledge of test strategies, and

changes in motivation. Also, noise exposure may alter if the study leads

to increased awareness that noise might reduce hearing sensitivity. The

relevant literature is restricted to adults in whom Ward (1957) reported

examination effects only at 0.5 kHz in rapidly repeated examinations.

Examination effects of about 1 dB/examination for annual examinations

have been reported, but possible age effects were not excluded (Zwislocki

et al., 1958; Robinson et al., 1979; Royster et al., 1980). In the present

analyses, data from all examinations were used to establish the ordered

number of each examination but data recorded when pathological conditions

were present were excluded. Regressions were performed with thresholds

as dependent variables; the independent variables were examination order

and corresponding age. The coefficients for examination order can be

interpreted as examination effects (dB change per examination), adjusted

for age. There were significant linear examination and age effects for

each sex and test frequency (p<.05) but there were no significant higher
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order effects (Table 1). After removing age effects, the mean slopes of

thresholds against examination order have significant (p<.0l) negative

values, indicating thresholds decrease with order. The rate of decrease

is larger at 4 and 6 kHz than at lower test frequencies. The cumulative

examination effects for eight serial examinations were about 3 dB, at

0.5, 1, and 2 kHz and about 5 dB at 4 and 6 kHz. The root mean square

errors (measures of intersubject variability, dB) tend to increase with

frequency after examination and age effects have been removed. The

recorded data were adjusted for these examination effects before further

analyses were made.

Selected plots of mean thresholds (4 kHz) with their standard errors

for the left ears of boys and the right ears of girls are shown in

Figure 1. These data, which have been corrected for examination effects,

show hearing sensitivity tends to be better in boys than girls until 14

years but not at older ages. These means are a few dB lower than the

corresponding values rom U. S. National surveys.

Table 1. Examinatior Ind age effects and root mean square error from

regression qlalyses after pooling data for both sexes and
both ears.

Examination Effects Age Effects Root Mean
Frequency (dO/examination) (dB/year) Square Error

(kHz) Mean s.e. Mean s.e. (d)

0.5 -0. 38 0.09 -0.58 0.07 6.66

1 -0.3() 0.09 -0.50 0.07 7.68

2 -0. 37 0.)q -0.38 0.07 6.70

4 -0.10 O.10 -0.21 0..8 7.40

F -. 7 0. l -,.28 n.09 8.42
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Fig. 1 - Means for thresholds (dB re ANSI-1969) with their standard
errors, for boys (left ear) arid girls (right ear) >rt 4 kHz.

Significant threshold shifts were analyzed by calculating sex-, ear-,

and frequency-specific linear regressions of thresholds, adjusted for

examination effects, on age for each participant who had 4 or more serial

thresoolds. Intercepts and slopes from these regressions w.re interpreted

in relation to long-term threshold shifts.

There are no significant differences between mean intercepts among

frequencies in the boys but in the girls those for 0.5, 4, and 6 kHz are

significantly higher (p<.05) than those for 1 and 2 kHz (Table 2). The

mean intercepts for boys are significantly lower (p<.05) than those for

the girls at 0.5 arid 4 kHz. Most mean slopes (dB/year) are negative

indicating that hearing sensitivity improves with age. These slopes

differ significantly from zero (1,<.05) in the girls only. There are



Table 2. Intercepts and slopes from regressions of

thresholds on age for the right ears of children.

Frequency Intercepts (dB) Slopes (dB year)
(kHz) Mean s.d. Mean s.d.

Boys (N = 112)

0.5 3.4 24.3 -0.25 2.12

1 2.5 24.8 -0.24 2.26

2 -0.6 26.5 0.13 2.28

4 3.9 29.8 -0.06 2.31

6 2.4 31.6 0.1 2.27

Girls (N = 102)

0.5 9.8 21.0 -0.81 1.53

1 4.8 17.1 -0.52 1.28

2 4.1 19.4 -0.40 1.51

4 12.9 25.8 -C.83 1.91

6 8.1 27.9 -0.42 1.95

eight boys among the 10 children with the largest positive slopes

indicating large lng-term, threshold increases are more common in boys.

The apparent factors were more often respiratory otecLti o r 11 lcr-ies

than exposure to noise.

The largest absolute residual from the regression line for each child

was regarded as a short-term threshold shift. Many of these were small

and not functionally significant but 77% were positive indicating non-

randomness. The means of these short-term shifts (Table 3) do not differ

significantly between the sexes, but they are larqer (p<.05) it 6- kHz than

at the other test frequencies. The shifts tend to decrease with aie in

each sex, ind to occur slightly later in boys than girls. They have a

siTni t icint tendency to occur at the same i(;e tor both oars Ind i II

frequenci-s test(,d. The lar-est short-ter7 shifts exceeoed 0 31 in e i4ht



Table 3. Distribution s atisticss for short-',-jm
threshold shifts (rostduals; dB) 1:1 th,
right ears of children

Frequency Boys irls
(kHz) Mean s.d. Mean s.

0.5 3.5 5.1 2.9 4.0

1 2.7 4.2 3.3 5.1

2 2.3 3.5 3.6 4.8

4 4.0 5. 3 3.0 4.9

0 4.5 6.2 4.7 6. 4

participants. The ears of four of these childr(n were partially

obstructed with wax. One girl was only 6 years old at the examination in

question, and these data may be less reliable than the data in general.

A cause for the large shift was not apparent in three boys.

Noise Exposure. To protect the hearing sensitivity of children, it

is important to identify their environmental noise sources and quantify

the level and duration of the noise. Analyses were made of 151 sets of

observations from children whose noise exposure levels were measured with

Metrosonics dB 301 Metrologgers. These Metrologqers record fo)ur

samples/second and compute and store an average noise level (L ) for
eq

each three-minute period up to a maximum of 480 periods (24 hours) . Noise

levels were sampled by a ceramic microphone with a sensitivity of -40 dB

and a figured response that meets ANSI requirements. The mi :rophone wss

attached near the participant's collar to sample noise similar to that

entering the ears. The participant kept a diary of timed activities

during noise recording that were codec. into 189 activity :ategories,

allcating one category to each 3-minute period. For the pre-sent analysis,

the activities were grouped into the 23 categories ,f- noise sources

(Table 4).
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Table 4. Sample size (N), mean log equivalent sound level (L ) for
duration, and 8-hour (L ) for sound sources. eq(t)eq (8)

Boys (N = 79) Girls (N = 72)
Activities N(L ) ) N (L ) (LeqLeq(t) (eq(8( eq(t) e(8))

I Lawnmowdrs/combustion engines 7 88.1 80.9 -- -- --

School bus 14 86.4 75.1 16 81.6 69.0

School assembly/recess 28 84.7 75.2 31 81.7 71.9

Live music 19 84.1 75.7 30 82.8 73.1

School gymnastics classes 10 80.8 70.1 -- -- --

Small power tools 6 80.7 73.6 -- -- --

Walking to and from school 9 79.6 63.4 12 69.3 54.9

Sports/playground 30 76.6 67.9 20 76.5 66.4

School special classes 8 76.4 67.4 7 70.2 60.0

School miscellaneous 8 76.3 60.1 11 74.9 60.0

B Vehicle 67 76.3 65.5 62 75.1 65.2

Home small appliances 41 76.0 63.7 49 73.3 61.8

Home miscellaneous 73 75.9 58.2 19 74.5 60.0

Outdoors 47 75.6 66.8 36 73.4 62.3

School normal classes 30 75.1 72.3 33 69.4 65.8

Home radio/T.V. 76 74.6 70.2 69 70.7 67.0

Shopping 29 74.0 64.1 31 - .3 61.3

Home conversation 72 73.7 G7.0 71 72.1 66.0

C Office 34 68.2 53.4 32 65.8 49.6

D Sleep 79 57.0 57.9 72 53.8 54.5

A, B, C, and D are explained in the text.

• I ' "III I • l I el i •. . .



The noise exposure data for each child were summrized bycomoutin;

an (LOt) for each activity category (Table 4). This provid<;s i rca iur-

of the noise level associated with a specifi: .L:tivity iveraqod ,c.,

individuals without respect to durLation. Als. (L ) was calci. I t'e'l (R)

represent the ni se level that, givern over An 8-hoar pe.riod, woul-I -1

the same sound energy as that to which the children were exposed. The

least common activities involved lawnmowrs/combusiofn enqines ind smail

power tools. In addition, few girls participated in school gymnastcs

classes. The ranking of activities is similar by (L ) et (Ieq It) cc (I{)

Within four groupings of categories (A, B, C, And D), the L s 0.r simil.il

but the means differ from one group to anoth(r. Girls nave low, :an

L s than boys for almost every activity, but the differences tre
eq

significant (p<.05) only for walking to ad from scho 1,o O

classes, home radio/T.V., and sleep.

In boys, lawnmowers/combusti:.n engcs, Ii', ous

school assembly/recess are major noise sources. Each I tns sul es

has an (L ) ', 80dB, and the aerage duraticn is from 0.5 to 2.1 hos
eq(t)

per day in those exposed. These noise exr'osule It tend to cr~<,si

age, except for live music for which the Iur ,t ioo c:'lI -,,Is I cy,.-! te- IH

increase with age.

The (L ) values wore cve: tel ic. ki 1 ;scI V Iac 1 a risro I __

(Kpal) and multilied ; the ni ber i bo : d Is cc' ,0 :c

oxposuro. (Fiqure 2)- The order oif - ]lao i sir.. ! t th s" t mil. 4

School issembly/re,:esi7 i s tie III ,- Lm_ -! : 1 t

] ,ount inq or,)t .uo ho,, t t I s.nhi I iT , c, •

I m ow weors 'col du. i- 11 7..*.

1:1 i ii-m a |h . I
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Home Conversation
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Fig. 2 - Kilo Pascals squared persons for noise categories in boys and
girls.

It has been estimated that the average (Leq(24)) for school children

is about 77 dB (EPA, 1974; Von Gierke and Johnson, 1975), but there are

few data other than those of Schori and McGatha (1978a, 1978b) who found

a mean (L ) of 76.2 dB for 10 children and Siervogel and associateseq(24)

(1982) who found (L eq(24)) in the Fels sample as being 78-85 dB for boys

and 76-83 dB for girls. Clearly, from the present study, many children

are routinely exposed to levels above 79 dB, and some to noise levels

above 85 dB which may be harmful. Further studies are required to allow

estimates of noise exposure from activity diaries and to estimate

exposures for groups at particular risk, for example, those living in
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densely populated areas.

CONCLUSION

The data presented were selected from the total report for this

study (Roche et al., 1982); a later report (Roche et al., in press)

includes the original data. This study has shown adjustments should be

made for examination effects before serial data are analyzed or judged

and that many children are exposed to potentially harmful levels of

environmental noise. The absence of decreases in hearing sensitivity

with age in these children indicates that noise exposure, at the levels

considered, might be harmful only if it extends over long periods.
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ON THE GROWTH AND DECAY OF ASYMPTOTIC THRESHOLD SHIFT IN HUMAN SUBJECTS.

Shaw, E.A.G.

Division of Physics, National Research Council of Canada, Ottawa, Canada

INTRODUCTION

Since 1970, much attention has been given to the temporary shifts in

hearing threshold (TTS) induced by noise at moderate levels but of

prolonged duration. Such TTS grows rapidly during the first few hours of

exposure but soon approaches an asymptotic value CATS) which is generally

reached within 24 hours. When the exposure is terminated the recovery

from ATS is comparatively slow. For this reason, measurements of ATS are

thought to shed light on the potential long-term effects of occupational

noise exposures of exceptional duration as well as chronic exposures to

environmental noise (e.g. Johnson et al, 1975).

MATERIAL AND METHODS

The present work brings together ten sets of data from seven studies
with groups of human subjects in which TTS was measured during exposure to
steady noise for periods up to 48 hours and post-exposure for periods up
to 72 hours. The purpose is to determine average values of ATS at the
highly sensitive frequency of 4 kHz, as a function of sound level, and
develop corresponding families of curves showing the average values of TTS
during growth and decay.

Table I shows the sources of data, some measurement details and the
symbols used in the figures which follow. As can be seen, six Of the ten
sets of data were obtained with broad-band "pink" noise (i.e. equal energy
per octave) and four with octave bands of noise centred at 4 kHz. The
method is based on the hypothesis that the TTS at 4 kHz due to pink noise
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Table 1. Sources of data, details of measurements and key to symbols.

Author Type of measurement Number Sound Exposure Symbol.
(Year) (Author's figure of male/ Level Hours

number) female dB
subjects

Johnson Pink noise, TTS 11 m 85 (A) 24
et al at 4 kHz 11 m 85 (A) 48
(1975) (Fig. 2)

Melnick 4 kHz OB noise, 7 m 80, 85 24 0

(1975) TTS at 4 kHz,
I ear (Fig. 6)

Ward 4 kHz OB noise, 10 70 6 V
(1975) TTS at 4, 5.6 kHz 10 75 8 V

(av), 2 ears (Figs. 10 75 24 A
2 and 3) 30 80 6, 8 V

10 80 24 A

10 85 7 A
5 85 2 A

Johnson Pink noise, TTS 12 m 85 (A) 24
et al at 4 kHz, I ear
(1976) (Fig. 2)

Nixon Pink noise, TTS 12 m 85 (A) 24 0
et al at 4 kHz, I ear 12 m 85 (A) 48 -
(1977) (Fig. 6)

Mille et al 4 kHz OB noise, 4 m 75 24 0
(1979) TTS 3.5 - 6 kHz 3 m,4 f 80 24 M

(varied), 1 ear 7 f 83 24 m
(Figs. 2, 9)

Stephenson Pink noise, TTS 12 m 70, 75 24 0
et al at 4 kHz, 1 ear 80, 85,
(1980) (Fig. 2, Table III) (A)

having an A-weighted level LA is virtually indistinguishable from the TTS
due to octave-band noise centred at 4 kHz and having an SPL 5 dB lower
than LA. In effect, this hypothesis implies that 1.5 octaves of the pink
noise contributes to the TTS at 4 kHz.

RESULTS

The ten sets of data presented in Fig. 1 show the growth of TTS

according to the studies listed in Table I. The five panels bring
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Fig. I - Experimental data from studies listed in Table I showing values
of TrS during exposure. Smooth curves are based primarily on
data in Panel B and ATS curve (solid line) presented in Fig. 2.
Curves in Panels A, B, C and D are scaled from Panel B.

299



together the broadband and 4 kHz OB data in accordance with the principle

enunciated earlier. A cursory examination of Panel B indicates that, at

most exposure times, the solid points (4 kHz OB, 80 dB) do, indeed, belong

to approximately the same statistical distributions as the open points

(Pink Noise, 85 dB). Closer study indicates that there may be a tendency

for TTS to grow more slowly with broad-band noise than with octave-band

noise, while approaching the same asymptote. The differences between

pairs of mean values at 1, 2 and 4 hours are, however, little more than I

dB which is barely significant.

Figure 2, which is organized in the same manner as Fig. 1, shows the

asymptotic values of TTS calculated from the same sets of data. Following

Melnick (1975) and others, these values are in most cases averages of all

measured values of TTS taken at exposure times equal to or greater than 8

hours. The largest value shown in Fig. 2 (25 dB) is, however, Ward's

estimate of ATS in an experiment which terminated after two hours and the

second highest (23.2 dB) is the average of his measurements at 6 and 7

hours. His lowest value (2.9 dB) is the final value in a six-hour

experiment. For consistency, the six-hour values from Ward's 24-hour

experiments have also been included in the calculations of ATS.

The average values of ATS from the six 85 dBA pink-noise experiments

and for the four 80 dB octave-band experiments are almost indentical (11.0

dB and 10.4 dB respectively). Moreover, all ten values of ATS (overall

mean: 10.75 dB) lie within the range 9.1 to 13.4 dB. This clustering of

data clearly points to a target value in the vicinity of 11.0 dB at the 85

dRA/80 dB level. To accommodate the data at higher and lower levels it

appears essential to choose a graph with considerable curvature. The

following functions are shown in Fig. 2:-



0.2(L - 85)
S = 11 x 2 e dB ( ) (1)a

Sa = 0.0651 (L - 75)2 dB (- -) (2)
a e

Sa = 17 log [I + (Ie/Ic)] dB (-------) (3)

Sa = 20 log [I + (Ie/Ic)] dB ( . (4)

where Ie/I c  antilog [0.I (Le - Lc)]. In all four expressions, Le is the

A-weighted level of pink noise. It will be understood that, for 4 kHz OB

noise, 5 dB must be added to the SPL to obtain the appropriate value of

Le. In functions (3) and (4), the values of Lc (79.6 dB and 80.9 dB,

respectively) have been chosen to meet the target value of 11 dB at

30 1 1 1 1 1 1 1 1 1 I I I

25

M

20
/

o VI

0 I .-I I I II 1 1 I 

0

65170 75 8 85

70-

5 /

70 75 80 85 9

A -WEIGHTED LEVE L - PINK NOISE - dBA

I AI
6.5 70 75 80 85

SOUND LEVEL - 4k, 08 NOISE -d5

Fig. 2 - Experimental values of ATS derived from data presented in Fig. I
(see also Mills, Table I). Graph lines show four mathematical
functions discussed in text.
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85 dBA/80 dB. The reference level of 85 dB serves the same purpose in

Function (1).

Function (3) will be recognized as the expression used by Mills to

fit the 4 kHz OR data. (Note that his value I cis equivalent to an L cof

79 dB.) Function (4) is mathematically identical with the theoretical

expression given by Maslen (1983). Function (2) is the quadratic

expression used in a new ISO document to calculate the median value of

NIPTS at 4 kHz due to 40 years of occupational exposure at noise exposure

level L e(ISO, 1982). To bring this curve into coincidence with the

others at the 85 dBA/80 dB level it would be necessary to choose a cut-off

level of 72 instead of 75 dB.

Function (1) is very similar to one used by Thiessen (1976) in a

Canadian criteria document to predict the development of NIPTS. It can be

rewritten as the power law

S =38.1 (P /P 0 ) 12dB (5)

where P eis the rms sound pressure corresponding to L eand P 0is the

reference pressure of 1 Pa (SPL: 94 dB). In choosing between the four

functions it is necessary to rely on the data at higher and lower levels.

Clearly these lack the statistical significance of the pivotal point on

the graph. Functions (1), (3) and (4), and Function (2) with a 72 dB cut-

off, fit the next point on the graph (80 dBA/75 dB) equally well.

Functions (3) and (4) appear to be inadequate at the highest level (90

dBA/85 dB). Function (2), when shifted by 3 dB, is acceptable at the

highest level but fails to take account of the data at the lowest levels

(70 dBA/65 dB and 75 dBA/70 dB). Only Function (1) seems to do justice to

the data at both the highest and lowest levels not withstanding the

uncertainty inherent in the spread of the data. This expression implies



that, for moderate levels of pink noise and 4 kHz OB noise, the ATS at 4

kHz doubles with each 5 dB increase in level.

The smooth growth curve shown in Panel B of Fig. I is empirical. The

simple exponential function

S = 11 1 - exp(-t/i)l, (6)

where T = 0.35 hours, has a slightly steeper rise than the expir curve

but would serve almost equally well (c.f. Mills et al, 1979).

interest of simplicity the growth curves for the other sound leve

(Panels A, C, D and E) are taken from Panel B with simple scaling factors

of 2, 0.5, 0.25 and 0.125, respectively. Within the limits set by the

spread of data, these curves appear to fit the experimental data

reasonably well. Perhaps the rise in Panels A and D should be shifted

towards lower exposure times. If so, movement in the opposite direction

would be indicated in Panel C.

The data presented in Fig. 3 show the decay of TTS according to the

ten studies listed in Table I. This figure is the counterpart of Fig. 1.

Referring to Panel B it is apparent that, during recovery as during expo-

sure, the solid points (4 kHz OB, 80 dB) belong to approximately the same

distributions as the full complement of open points (Pink Noise, 85 dBA).

This is certainly indicated by the mean values as shown in Table 11.

It is also apparent that the mean TTS during recovery does not decay

exponentially with time. Instead, it falls rapidly from the asymptotic

value to a plateau which is attained at approximately 0.5 hours and

maintained until nearly 4 hours. The smooth decay curve shown in Panel B

of Fig. 3 is of this form. Though it is empirical, it could probably be

matched by a function of the form

S S SI exp (-t/T + S Zexp (-t/r Z) (7)



20

8 4 6H, 08B 85 !F

2 - A

10 V

6

4

~' 2

- 2

~ 12PINK NOISE 85dBA

I 10 41 H, 08 81>,A

0

' 0 8

8

4 C
A;

0~ 4.

2Q

~ 8PINK NOISE 80 dBA

2

PINK NOISE 7018A
4 8

0
2 0

00

OJ3 06 12 25 5 1 2 4 8 16 32 64

RECOVERY TIME - H.

Fig. 3 -Experimental values of TTS during recovery. Curves are empirical
(see text).



Table II. Average values of ATS and of TTS during recovery for data
presented in Panel B of Fig. 3.

TTS at various times (hours)
Noise type ATS

0.03 1 2 4 8 24 48

Pink 11.00 dB 12.3 5.8 5.5 4.9 3.3 1.0 0.3 dB
85 dBA

4 kHz OB 10.41 dB 10.3 5.0 5.9 5.3 3.9 (0.5) (0.3)dB
80 dB SPL

Both 10.75 dB 11.5 5.6 5.7 5.0 3.5 1.0 0.3 dB

25
!90 dBA
M

o 20

15

0

°
X 5 dBA0

0d70 d8A

0.250.5 1 2 4 8 16 32 64 .03 .06 .12 0.25 0.5 1 2 4 8 16 32 64

O EXPOSURE TIME -Hours RECOVERY TIME H 1ours
Z

Fig. 4 - Families of fitted curves representing the average growth of TTS
at 4 kHz in human subjects exposed to various levels of pink
noise (equal energy per octave) and the recovery from asymptotic
threshold shift.

where T, and T2 are approximately 0.1 and 8 hours, respectively.

As in Fig. 1, the decay curves for the other sound levels (Panels A,

C, D and E) are taken from Panel B with scaling factors of 2, 0.5, 0.25

and 0.125, respectively. Within the generous limits set by the spread of

data, these curves also appear to be in reasonable agreement with the

data.



For convenience, Fig. 4 brings together, as connected families, the

fitted curves from Figs. I and 3. The curves are taken to represent the

average amounts of TTS at 4 kHz induced in human subjects who are exposed

to pink noise at the levels indicated, or 4 kHz OR noise at SPLs 5 dB

lower, for periods of 24 hours or more. They indicate that approximately

25% of the recovery from ATS occurs within 10 minutes, approximately 75%

within 12 hours and approximately 90% within 24 hours.

The purpose of two of the pink-noise studies listed in Table I

(Johnson et al, 1975 and Nixon et al, 1977) was to determine whether the

Table III. Average values of ATS and of TTS during recovery for data
presented in Panel B of Fig. 3. (Parentheses indicate single
set of data only).

TTS at various times (hours)
Noise exposure Symbols ATS

0.03 1 2 4 8 24

48 hours
Pink Noise ~ Z~ 11.5 dB 12.1 8.8 7.9 7.2 4.2 1.8 dB
85 dBA

24 hours
Pink Noise txO0 10.8 dB 9.3 4.3 3.9 3.7 2.9 0.28 dB
85 dBA

24 hours
4 kHz OR OEAY 10.0 dB 9.5 (5.5) 7.1 4.8 3.9 1.6 dB
80 dB SPL

recovery from TTS was dependent on exposure duration. Close scrutiny of

the data presented in Panel B of Fig. 3 tends to support the authors,

conclusion that exposures of 48 hours' duration produce greater amounts of

TTS during recovery than do exposures of 24 hours duration. Table III

shows the average values of TTS during recovery following exposure to pink



noise for 48 hours (line 1), Pink Noise for 24 hours (line 2) and 4 kHz OB

noise for 24 hours (line 3). The differences seem to indicate that the

plateaux in the recovery curves could be placed at 70% of ATS for 48-hour

pink noise, 35% of ATS for 24-hour pink noise and 55% of ATS for 24-hour

4 kHz OB noise. The data are, however, so sparse and scattered that this

interpretation cannot yet be advanced with great confidence. More

experimental work with human subjects is clearly needed including work in

which the exposures extend beyond 48 hours.

CONCLUSION

A synthesis of data from seven studies shows that the growth of TTS

at 4 kHz in human subjects exposed to pink noise of prolonged duration at

any moderate level LA, is virtually indistinguishable from the TTS due to

4 kHz octave band noise having an SPL 5 dB lower than LA. Smooth curves

fitting the distributions of data are nearly exponential in form. The

synthesis indicates that the average asymptotic level doubles for each 5

dB increment in level over the range 70-90 dBA. For pink noise the

average ATS at 85 dBA is 11 dB. The asymptote is approached at 8 hours

and is attained within 16 hours. The decay from asymptotic threshold

shift (ATS) reaches a plateau which is attained at approximately 0.5 hours

post-exposure and maintained until nearly 4 hours. According to curves

fitted to the full complement of data, approximately 25% of the recovery

from ATS occurs within 10 minutes, 50% within one hour, 75% within 12

hours and 90% within 24 hours. Close scrutiny of the data indicates that

the level of the plateau during recovery may be substantially greater for

48-hour exposures to pink noise than for 24-hour exposures (perhaps 70% of

ATS compared with 35%).
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PROPOSAL FOR A SCIENTIFIC PROGRAM

W.D. Ward and H.-G. Dieroff

Department of Otolaryngology - University of Minnesota - Minneapolis,

Minnesota, USA

HNO-Klinik - Friedrich-Schiller-Universitat - Audiologische Abteilung -

Jena, DDR.

The direction in which future research should be pointed has changed
very little, in the opinion of our Team, since our last meeting. The
determination of the appropriate measure of exposure, especially in the
case of impact and Impulse noise, remains an urgent area for intensive
activity. There is ever-increasing evidence that the 8-hour equivalent
level is not correct for all exposures; however, it is likely that it will
continue to be widely employed because it is reasonably easy to measure or
calculate. Therefore experiments must be undertaken to determine
correction factors to be applied in the case of wide ranges of specific
temporal patterns of exposure, specific impact spectra and peak levels,
and specific levels and durations of impulse noise. Obviously these
experiments must be done with animal models, and will require many years
of effort. Cooperative work by several laboratories could shorten the
time required to gather enough data to seek general principles, but of
course this would involve prior agreement on the most practical animal
model or models, the method of measurement or calculation of exposure, and
the index or indices of damage to be used by all laboratories. If such
agreement could be obtained, this research would have highest priority.

On the question of high-frequency audiometry and its possible use as a
susceptibility index--i.e., using a change of threshold at high
frequencies as a precursor of damage at the more traditional 4 and 6 kHz--
the conflicting and inconclusive evidence from cross-sectional studies,
both in the literature and presented here, makes it clear that the issue
can be resolved only by longitudinal studies of workers with industrial
exposures between 80 and 90 dBA in equivalent level and of appropriate
controls. This population is also the only one on whom other possible
susceptibility tests can be validated. High priority should therefore be
assigned to initiation of such longitudinal studies.

Other areas in which additional work seems, in the Team's opinion, to
be both desirable and feasible Include the following:

(1) Development of norms for high-frequency audiometry, not only for
young persons (audiometric zero) but also for males and females, not
exposed to industrial noise, of increasing age.
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(2) Study of the relation between otological abnormalities and
apparent susceptibility to noise-induced hearing loss.

(3) Determination of the reasons why some ear protectors afford more
consistent protection than others.

(4) Development of standard procedures for evaluating nonlinear ear
protectors.

(5) Studies of individually-tailored hearing aids designed
specifically -for persons with noise-induced hearing loss.
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THE IMPULSE NOISE EXPOSURE AND THE EFFELr OF PROTECIORS IN ARMY
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1 Oulu Regional Institute of Occupational Health, Box 451,

SP-90101, Oulu 10, Finland
2 Department of Otolaryngology, University of Oulu,

SF-90220 Oulu 22, Finland

INTRODUCTION

Noise exposure during military service is almost exclusively of the

impulse type. In many articles (Coles et al., 1977, Kryter and Carwiter,

1966) the hearing damage causedI by the firearms' impulse has been

discussed but the forecasts of the risk is unknown to short exposure. Also

the knowledge of the effects of ear protectors and their use is scanty.

The purpose of this study was to investigate the exposure to impulse

noise in army, to establish epidemiologic risk and to measure attenuation

of noise protectors for impulse noise.

METHOD AND MATERIALS

The material for the study coprised 536 conscripts, whose average age
was 19,7 years (17-29 years) of these 351 were checked again after 8 or 11
months of military service.

Hearing measurements were made at the Military Hospital I with Madsen
OB-60 audiometer at frequencies rarging from 0,25-8 kHz and calibrated
with ISO 1964. The limit of normal hearing was taken as 20 dB.
Questionnaires were used in the anamnestic sample.



In the exposure measurements the following parameters were defined:
sound presure's peak value, duration of the impulse, frequency spectrum,
number and density of impulses. The noise reduction of ear and protectors
were made by using objective method (ISO R 209).

The measurement apparatus used was made up of the following
instruments: inpulse Precision Sound Level Meter (Brel & Kjaer 2209),
1/8- and 1/4-inch pressure microphone (Briel & Kjaer 4136, 4138), sound
level calibrator (Briiel & Kjaer 4230), tape recorders (Kudelski Nagra IV
SJ and Br~iel & Kjaer 7003), analysers (HP 5420A and Brdel & Kjaer 1615),
impulse recorders (Br6el & Kjaer 7502 and Datalab DL 905 Transient
Recorder), storage oscilloscope (Philips PM 3234).

RESULTS

During the period of military service, the most important sources of

impulse noise are the assault rifle 158-161 dB and rifle 158-161 dB. In

addition, the conscripts practised with the light (165-180 dB) and heavy

(172-175 dB) bazooka and mortar (166-176 dB). Those serving in the

artillery had to fire different kinds of guns whose values ranged from

154 dB to 177 dB.

In many impulses, brief reflection impulses, with peak values of

more than 10 dB smaller, could be seen 50-200 ms after the initial

impulse. TB values were naturally dependent on the acoustic properties

of the surroundings in addition to those of the weapon and varied from

20-200 ms. The differences in L measured at the left or right earp

were 2-6 dB with the firing position influencing the difference

considerably. The noise from neighbouring weapons in covered ranges was

important as its peak value at a distance of 1-2 metres had decreased by

only 3-6 dB.
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During 8 months' service each recruit was ex\posed, on average, to

100-300 assault rifle rounds under cover, 100-150 blank assault rifle

rounds in the field and 10-20 sub-machine gun shots, depending on their

unit. The number of rounds for those serving 11 months was almost

doubled.

Hearing deterioration (over 10 dB) was confirmed in 52 of the 351

conscripts studied; 33 (9.4 %) had a 20 dB, or greater shift. On the

hearing deteriorations, (19.2 %) in the right ear, 36 (69.2 %) in the

left, and 6 (11.5 %) in both ears.

The noise reduction of four ear cups was measured (Silenta Super and

Z Silenta Mil). In table 1 are shown the attenuation values of the

tested ear cups for continuous and impulse noise. The impulse noise

measurements were done under the roof, using impulse noise of automatic

rifle.

Table 1

]Reduction for continuous Average

noise reduction for
impulse noise (0")

125Hz 500Hz lkHz 2kHz 4kHz A lin
Cup I . . . .

(Silenta 16 26,5 38 45 41 35-40 30-36
Super)

Cup II 10 22,5 34 36 42,5 33-36 30-34
(Silenta
Mil)



ODNCLUSION

Relatively many hearing deteriorations occurred during the period of

military service (in 14.8 %). and those serving 11 months developed

relatively more. The most important source of noise was the assault

rifle; average 200-450 rounds/man during an 8-month period. The peak

values of all weapons exceeded 130-150 dB, which is generally held to be

the critical impulse noise peak value. Clearly, more shifts were

confirmed in the left ear, presumably due to the firing position and the

protection given to the right ear by the head.

The risk of hearing damage can be diminished either by technical,

structural preventive methods or by the use of individual hearing

protectors.

The impulse noise reduction of the tested ear cups were 26-37 dB(A)

as the difference of Lpeak-values and 24-36 dB without A-filter. The

greater the volume of the cup the better the reduction was (3-5 dB).

There was no substantial difference between the reduction for continuous

and for impulse noise.

REFERENCES

Atherley, G. and Martin, A. 1971. Equivalent-continuous noise level as a
measure of injury from impact and impulse noise. Ann. Occup. Hyg. 14, 11.

Henderson, D. and Hamernik, R.P. 1978. Impulse noise-induced hearing
loss. "Noise and Audiology", ed. Lipscomb, D. University Park Press,
Baltimore, pp. 143-166.

Kryter, K. and Garinther, G. 1966. Auditory effects of acoustic impulse
from firearms. Acta Otolaryngol. (Stockh) Suppl. 211.

Salmivalli, A. 1967., Acoustic trauma in regular army personnel. Acta
Otolaryngol. (Stockh) Suppl. 222.

]16



THE STUDY OF OCCUPATIONAL HEARING LOSSES IN RELATION TO CONFINED SPACES

Battini,P.; Francalanci,R.; Caporiccio,S.

S.M.P. - U.S.L. 10/A, Firenze

Occupational loss of hearing is becoming a pressing, topical problem,

since workers of many kinds are required to operate in very noisy sur-

roundings. One of the main objectives when assessing the noise in confined

spaces is determination of the risk of hearing damage caused by protracted

exposure to the high sound pressure levels encountered in work environ-

ments. Irreversible occupational disease is also dependent on frequency,

and is partly linked to a certain degree of individual sensitivity.

Audiometry tracings show a characteristic dip for this pathology at

4 KHz.

Recent advances in the study of ambient noise assessment make it

legitimate to enquire whether the methods most commonly employed are

really effective when applied with a view to protecting the hearing

function.

Branner and Piercy (1977) suggest that sound pressure values should

be determined at the concha to cut out discordances due to directional

sources.

Weinrich (1981) has extended the experiments conducted with the Kemar

manikin to the deformations created by interaction between the sound field

and the manikin itself. The importance of this question is linked to the
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need to work out a measux'ing method giving results that can be reproduced

as far as possible. Another * Iature to which attention can be drawn is

that of the rules now most widely used throughout the world. At present,

there is no universally accepted standard for the acceptability of ex-

posure to noise.

ISO recommendation 1999 covers the field of stationary noises in

keeping with the still controversial equal energy principle. It is de-

fective, however, with regard to impulse and impact noises.

The CHABA standard proposes hearing protection for 95% of persons

exposed to the noise of firearms. it is clear that this criterion does

not satisfy the needs raised by impact noise in industry. Coles & Rice

(1970) have put forward some corrections to be made to this criterion,

indicating that they feel that it could also be applicable to some sectors

of industry.

As matters now stand, there are two main risk criteria for exposure

to impulse and impact noise. These have been issued in the form of

standards by the OSHA (Occupational Safety and Health Administration, USA)

and the BOHS (British Occupational Hygiene Society, UK) respectively.

The former has an exchange rate q = 5, the second q = 3. The BOHS standard

with the method of Martin and Athersley is unsuitable for routine practice,

since the instruments required are complicated.

Even though criteria have been advanced for the evaluation of impact

and impulse noise, attention must be directed to the fact that there is

still no clear definition of what is meant by an "impulse" in acoustics.

The criteria mentioned agree in using the A weighting filter. Its va-

lidity, however, is now being questioned by many researchers.

Briiel (1975) was one of the first to stress both the lack of a clear

definition of impulse noise in acoustics and the indiscriminate use of

the A filter. He suggested that the D filter (confined to the NEF standard)

should be extended to industrial noise.

Wyk (1980) has published the results obtained by study group B of ISO
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Committee TC/43/SC I (round robin test). Two conclusion were drawn:

I) disagreement between subjective feelings and filters A,D. Filter D

seemed to be more appropriate for high intensity levels. Filter A, which

is most commonly employed, was less suitable.

2) The most suitable indices of sound sensation evaluation appeared to be

those of Zuieker and Stevens.

Kuhn (1977) has drawn attention to the transference function that

exists between the diffused field and the eardrum. This function shows

that the function of the tympanum can be 15 dB greater than the pressure

of the field at 2.7 kliz. This amplification may contribute to the hearing

loss observed at 4 kHz and checked on workers exposed to noise.

The writers of this paper presented a report at the 3rd National

Congress of the Italian Industrial Hygienists Association based on the

matters expressed above. They used recordings taken in 13 factories after

filtering sounds recorded in dB lin through A and D weighting circuits to

show that there is close agreement between sound pressure levels ex-

pressed in dB (B) and those calculated with the Stevens method (Mark VII),

whereas this was not the case for values in dB (A).

ConcIns ions

It is felt that an evaluation standard for the risk of occupational

hearing loss covering all types of sound encountered in industrial environ-

ments should be drawn up. This standard should emerge from future research

aimed at clarifying certain points that are still controversial, namely:

1) the validity or otherwise of the equal energy principle;

2) the exact meaning of the word "impulse" in acoustics;

3) construction of a weighting filter differing from that used so far,

namely the A filter, and taking account of the geater sensitivity of the

human hearing apparatus in the 2.7 - 3 kHz range;

4) specification of the physical noise parameters on which reliance should

be placed to protect the majority of workers exposed to noise.
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HEARING CONSERVATION PROGRAMMES IN THE NETHERLANDS INDUSTRY

Berg, R. van den

Sound, Light and Indoor Climate Division
TNO Institute for Environmental Hygiene, Delft, the Netheilands

INTRODUCTION

Exposure to harmful noise at work places is an extensive problem. In

many cases the reduction of noise below a safe level cannot be realized

immediately. In those situations a hearing conservation programme has to

be carried out to prevent hearing loss due to noise exposure. Using

Austrian data,for the Dutch situation an estimation of the number of

industrial workers exposed to certain equivalent sound levels was made.

The number of factories with equivalent sound levels exceeding 95 dB(A)

is estimated to be more than 8 800 (total number of factories 27 000).

The total number of industrial workers exposed to equivalent sound levels

of 95 dB(A) or more is 88 200 (this is 13 % of the total industrial

workers in the Netherlands). About 50 % of all industrial workers is

exposed to noise levels of 80 dB(A) or more.

LEG ISLAT ION

Up till now there is no legal standard for noise at work places in the
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Netherlands. In 1981 the Minister of Social Affairs asked the SER (Social

Economic Council, a tripartite advisory body for the government) to

advise on the following policy plans:

- to fixa safe noise limit at work places at an equivalent sound level

of 80 dB(A). The employer is obliged to put 'hearing protection devices

at the disposal of the employees who work in equivalent sound levels of

80 dB(A) and more;

- to introduce prohibitive regulations with a possibility for dispensa-

tion for factories with equivalent sound levels of 95 dB(A) or more.

In these equivalent sound levels the employees are obliged to wear

hearing protection devices.

it is also important to note that the Minister of Social Affairs set into

force a new act called the 'Working Conditions Act". This act demands

consultations between employer and employees about the circumstances of

the job (safety, health and well-being). Without doubt noise is one of

the most frequent occurances and, therefore, shall be one of the topics

of these consultations.

Carrying out hearing conservation programmes in factories and workshops

belongs also to the legal tasks of industrial health centres. Under con-

tract with the Ministry of Social Affairs the TNO Research Institute for

Environmental Hygiene is carrying out a research project to develop

hearing conservation programmes in co-operation with industrial health

centres. To that aim a noise team consisting of an acoustician and two

industrial audiometricians is carrying out a hearing conservation pro-

gramme together with the industrial physician. The technical aspects of

a hearing conservation programme (audiometry, noise measurements, use of

hearing protection devices, registration and analysis of data) are



covered and at the same time a useful schematic structure of information,

education and consultation is developed. For these aspects the new

Working Conditions Act is a guideline. Such a hearing conservation pro-

grammne should be usable in all situations where employers are exposed to

harmful noise.

ASPECTS OF HEARING CONSERVATION PROGRAMMES

A Hearing Conservation Programme is a programme with activities and

measures to prevent noise-induced hearing loss. The work "programme"s in-

dicates that it is not a one-day activity, but that the execution of

such a programme in a factory may last for years. The aim of the program-

me is to achieve a situation in a factory such that nobody will have a

risk of noise-induced hearing loss. The activities in a Hearing Conserva-

tion Programme are:

- Information and education. First, all participants,in the first place

directors, managers, chiefs, foremen and other leaders, have to become

familiar with the contents of the programme. All persons concerned,

from director to employee, have to be informed about practical details,

the risks of harmful noise, the use of hearing protection devices.

- Noise measurements and noise abatement programme. An inventory of all

jobs in which people are exposed to harmful noise is drawn up. A pro-

gramme is made to reduce the noise, preferably by quieting the noise

sources.

- Audiometry. The hearing of all persons working in harmful noise is tes-

ted periodically. To reduce the time needed by the employees a mobile

unit is used which is installed as close as possible to the factory. At

the same time the employees are questioned thoroughly about possible

causes of hearing loss.
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- Analysis of data. The data of the audiometric tests and of the noise

measurements are stored in computer systems. The anamnestic data and au-

diograms are stored directly in a small system (HP 85) in the mobile au-

diometric unit and afterwards analyzed in a large system (HP 1000). The

data from the noise measurement are also stored in the systems.

A lot of results thus becomesavailable, such as:

- individual audiograms

- audiograms of groups of employees, selected by several criteria (equiva-

lent sound level, function, exposure time, age, factory)

- dose-effect relationships

- a system for repeating audiometric tests of individuals, dependent on

equivalent sound level, for instance

- results of noise measurements ordered according to type of industry or

industrial activity.



TAKING AC(CONT OF CUMULATIVE ASPECTS IN NWISE ABATEMENT POLICY-SOME PRELIMINARY

RE4ARKS.

ir M van den Berg

Ministry of Housing,Physical planning and Environment,Leischendam,Holland.

INTRODUCTION

The noise indicators currently in use are,because of their

source-specificity,not appropiate for describing the acoustic climat in

situations where various noises are responsible for effects on the population.

In this paper two different methods are given for describing the

acoustic quality of a given location under the influence of outside noise from

more than one source.

THE FIRST APPIR)ACH

The first logic step would be to look for a noise descriptor that takes account

of all the caracteristics involved in the annoyance behaviour of huznans.Evidence

begins to build up that the 10 weighted equivalent sound level does not

satisfactorily accounts for the number of events.



The suggestion of Flindell(1) to take instead the 20 weigthed energy

equivalent sound level,which has the effect of greater emphasis on the higher

peak levels and the number of events seems worthwile to investigate more

thoroughly. The disadvantage as already indicated by Flindell is that there is

no convenient way to transform the 10 weighted Leq into the 20 weighted Leq.Even

if the the pressure averaged Leq would gain wide acceptance,it would take a long

time befor all existing measuring equipment would have been adapted.

In figure I a model is proposed for relating peak level,number of events

and annoyance.

This model is based on available data from social surveys.Most of them had

to be reprocessed using reasonable assumptions for deriving peak levels from

equivalent noise levels or other noise indicators.Because of the problems

related to inter-survey comparisons a the precise parameters of the model can

not as yet be given.

figure 7 belonqing on paqe 2

100 -_____-___________

90 105 100 95

80

% 70 85

60

508

40 I65

30

20

10

1 10 100 1000

number of events/hour(24 hour mean)

M van den Berg

Figure 1 Percentage serious annoyed against numberof events(log-scale) ,for peak

levels between 65 and 105 dB(A)



Figure 1 suggests (to the suggestable) that untill a peak level of 65 dB(A)

annoyance increases in proportion with the 10 ig of the number.At hLgher peak

levels annoyance begins to depend more on the number of events,untill it reaches

25 lgN at the peak level of 90 dB(A) and there are same indications of even

higher factors for peak levels around 100 dB(A).

The first hypothesis is now that the energy equivalent sound level should

be corrected for the number of events,and that the correctionfactor should

depend on the peak level of this event.

For instance,75 dB(A) ,Leq from a large motorway could than get a correction

from 251g150 =54 (for 150 heavy lorries per hour) whereas 75 dB(A) Leq from a

railroad would get a correction of 301g20=39 ,assuming a rate of 25 for the 85

dB(A) peaklevels from the heavy lorries and a rate of 30 for the 90 dB(A) from

the trains.

The second hypothesis , a crucial one for the cumulation situations,is that

the correction terms from different sources all can be 'added' to the overall

energy equivalent sound level to describe the overall annoyance.

For most noises the number of events and their peaklevels are well known or

easy to get by.One should however not underestimate the problem,as in sane

instances the distribution of peak levels over number of events is far from

normal,so a statistical approach is not advisable.

THE SECO)ND APPROACH.

For purposes like physical planning often the absolute level of annoyance

is not that important,but more the question how a certain area relates to

another area.Environmental factors are ever becoming more important in

deciding if a given location is suitable for housing.As there

are a lot of such environmental factors,these decisions are sometimes hard to

make.



As long as no 'unifying sound descriptor' can be found something has to be

done to describe an area which is exposed to different noises. This can be

realized by assuming that the effects of the various noises can be added.

The following procedure then results.

-Two standards are choosen;the lower at approximately the no-effect-level(x I )

the higher standard at a level from where unacceptable effects are to be

expected (xh).

-The sound levels are then related to the standards,assuming a linear

relationship,so a dimensionless index results,for Tx for value x

Tx- Ta/ (x-Xl)
Xg-x 1

-These indices(one for each noise) are then summed accordingly to the following

formula
B=1 (Ti) k

where

B= total index

Ti= index for canponent i

k= exponent,k=lg(9N+1),N is the number of sound levels above x I .

This method assumes that an area is more unsuitable for habitation if there

is more than one noise approaching the unacceptable effect level.

A similar method is currently in use for describing air quality (2) , and

is under study for describing the acoustic quality in the Dutch Rijnmond-region.
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A STATISTICAL EVALUATION ABOUT OCCUPATIONAL HEARING LOSS

IN IRON-MECHANICHAL WORKEN OF A VERONESE INDUSTRY.

Caceffo G.

Sanitary District nOl, S.S.L.U. 25, Verona, Italy.

INTRODUCTION

In this short work are considered, only from a statisti-

cal point of view, the auditory apparatus damages occurring

in iron workers of a foundry division, also in relation to

noise exposure periods.

MATERIAL AND MiETHODS

436 men were examined, i.e. each one, at first with "Quick-
Check", in the factory, then the suspected deaf persons, put
in a silent room, 14 hours after the duty-end.
Working place noise level varied from a minimum of 80-b5 dBA
( machine-shop, dressing ) up to a maximum of 103 dBA
( screw-cutting, engraving ).

RESULTS

Results in this table are summarized:

NOPPJ'AL HEARING

Persons Percentage

178 "Quick-Check" examination 43%

8Silent room examination

2



NON OCCUPATIONAL AUDITIVE PATHOLOGY

2 Suffering from a serious form of

bilateral otosclerosis and from

outcomes of a mastoidectomy 0,5%

8 Uncertain etiology bradyacusia 2%

30 Transmissive, mixed or perceptive 20 )

post-otitis bradyacusia 6,5k

48 Miixed bre.dyacusia with occupational

components, joined with presbyacusia,

cranial traumas, hunting llj%

ONLY OCCUPATIONAL AUDITIVE PATHOLOGY

48 Occupational bradyacusia, with bilateral

sensorineural hearing loss about 40 dBA

at 4000 hz ll

90 Occupational bradyacusia with bilateral

hearing loss above 40 dBA at 4000 hz 37%o

and initial sensorineural deafness

at 2000 hz 20,5%

24 Occupational bradyacusia with bilateral

sensorineural pantonal hearing loss,

above 25 dBA from 500 hz frequency

onwards 5, 5

We have now a table and a histogram in which hearing loss

percentages in relation to noise exposure periods are con-

sidered:

EXPOSURE EXCLUSIVE NON-OCCUPATIONAL TOTAL
PERIODS OCCUPATIONAL HEARING LOSS (%) HEARING

(years) HEARING. LOSS(%)
LOSS (%)



5 2,6 0 2,6

C-10 25,5 17,1 42,6

11-15 61,0 14,6 75,6

15 50,0 26,4 76,4

normal hearing 24,4- 23.6;1

_,574Z

exc'us ve 97,4Zko Cc Vp , a .ono 1607 M 30 0'Z

hearing loss 0ss

non occupationo! 25,57.

hearing loss 26 47

noise exposure T<5 6<T<IO I1<T<15 T>15

periods (T years)

Fig. 1 - Hearing loss in relation to

noise exposure periods

GOWIENTS AND CONCLUSIONS

Now it should be born in mind that:

nol) occupational hearing loss does not begin before the

sixth year of noise exposition;

n02) the hi~est percentage of bradyacusias is to be met

with the 11-15 years'noise exposition class; over

15 years later we can see a slightly reduced dimi-

nution of occupational bradyacusias, probably in

relation to a "selection", in account of which



after 15 years' work the subjects with the highest

auditive Handicap are transferred to another division,

or pensioned off.
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'TIlE FVA.UATIO Of1 bAlAGE Ill NO ;SE-ID CtUK 1 llon IFEiIVE ti[
HEARIN u; Os>;

('aporal , H. "Ind far]uccio, F.

FlIT Department (1st Division), Rome University Ja Sa'pi n'

INITRODUCT ION

HIoise-induced, high frequency hearing loss shows, in the

early stages, a characteristic dip fo air and bone con lA-tion

at 4 KHz. Since 0,4 , 1 and KHz are not involved ir this pro-

ceon, if we choose one of the methods which attr ibutes c prn-

'leral value to 4 KHz, the degree of invalidity wit] be ir-

f', ri "r to the minimim level needed for remuneration.it fo l ows

* hat, according to Ital ian law, a subject with profession;

laftrie showing ar exclusive deficit at 4 Klz will no' be

el Liipl for remuneration because of t~l) negligible effecot

'haot this hearing Ioss has on is generi working capa' ity .

All the somen , urch at u ,jfet, insist that they have di ffic'ulty

in understandig muItiple messages or foreign languages , and

'ha .hin does hay' a ign ificant and negative influence on

'h* ei r workir ara.'lt ies du rinog work hourn . Presinur n i o that

''rLo it sod t peeh dinarimi nod in testsf, that reproduoe Pi'it 1-

a! h.earing conditiono, at low one to oarr'y out a i]¢iatitLit lve

.'.l 'itioli of damage' incurred in reference to a c"mtniat leO

*ri i t ahm ari working 'o? i1i tiorio , a gar' itt wof ''r" withI



* IT : ' I y P',' e!, ii il andoi by o tir ': so "in aid H in *.h' di f'-

I" i. t t t,, i i ; j f': is w n Ii I m i -if in c o Vh cn h I y l ' (1 (,t,1'n

is I e -'5 torItr;, s I ietV o .Ih i rs o h 'si wf:i ,thntse ieti od

I I:- i i me't i, up pIi e (d to o PC; 1j to Ih rio' damnag e , c' tlhie

* ~-nl r' a ~ y, ow inrg to the reduced oxtsr'inv-' r'edindan'v

of Tho me:- :go, Mboul Ihbe ablIei to b~ring to 1ight. tha'pee r

Or d, si r ero!' imp from norb loan dysfunction.

iMATED AI,S AND NF'L'Ilbl 2

n order to carry (nit this expe ri ment., we ca rrie out1) pure-

tone sins !Tiepnh riIometry (b isyll1a~is: ['I word5smad a 'sele
psisod and f'requpcy flItoened sen tonce en) on a grouip of 40so:-

o ssrins;'Us f' rom 1) to tO0 years of age , al1l male, who bhrd
asked for rpmsinervi' ion of their fe-sring loss and its5 elasri -

fi. B on aq profeLilonal deafness.

-he b 10'- ei'p chosen accornding to the fol lowing cr1 bivi:
to' 'Ire- (in los aO c:rt 0,5, 1 arid P1KHz; hearing Ilerss

wA: hi Iit- ra :iin, 1i, toxinst ely symmetsri cal ; negative oto-

ncopi exair- iin 'xi rtpns of' ri, it cnnt> tions; fo-r- whi'hi

tt*, iild i o"n ishroil Ai igib for noirsi-indiied hearing,

TI iorIresti I mu iri in o r in:Icns1 T
I i: I ol' 1n hi 'yIll ah ' moani ngfrl PP5 wordW (Desert Nn i

(iii0 ,: of' 10 hri r m sean r ri)fsr I s;nonc e ,r whin'Ii aires

Ni I I '''w vseoi I d ild r: t and , p r('otit ed it ai -peedf of'

14ot ,/ortd.-, r m nu dil (uo t(o a.nS'~e I eral i on of t5tpo r-poid

I' Ii: I iii 10) -enl u-s 'ii ir o Qlo ( mes. ni n od pro0-
ii' 1 sit, dii - or'e o bt', ll' ofi I ow pas: hr oh freqsioney

K-I'th-ni':-o% ' ~- rma -ri a! wni- recorded airid prodsi''d

.1! 1 a s- s I h 1" 5i- 'n ti out in nriIitr s

114-r i '- i ol O



The result brought to I ig, an or"t ;"y ii av ,

relative to asubject, examin", I. rui a.n',r , hr' h i i,'

O dH at 4 Kz. Average pre-ton, laari 1p II:: V'"

and ;' KHz was equal to :'0 dli III,.

Speech tests with hi::yl lahic PP e'rn zwqil:nd in inmintl In-

vela of discrimination in all auh et.. The '.,nritized Pp-el:

tests showed as fol lows (F i guresa I and A:

Y. o ct 
% 1OQ A /

60. 
60.

A 

A

B,

40. 

CCD.
4 ;

20 20 

20 40 60 80 iO0 dB HL 20 40 60 80 I00 dB HL

Fig.1 Youths - average age 30 years; Fig.? Adults - average

age 40 years: A - speech articulation curve for hi ayl-

labic PB words; B - standard speech articulation curve

for accelerated sentences; C - standard speech articu-

lation curve for frequency filtered sentences; P - ar-

ticulation field in subjects examined for accelerated

sentences; E - articulation field in subjects examined

for frequency filtered sentences.

1. Accelerated speech function: a) noticeably inferior to

average values (1occa and Antonel] i) showing a SBT shift,

with interindividual variabi l ity which was greater in older

subjects and constant with increased intensity; b) character-

istiral ly, most suhjeets were able to reach maximum int(e Ii -



,'ii~~ ~ ~ i 
, 

.. '~ r r ,,,r: i t 5y r- lb f" 1,0 - q[) dr, {if,.

t, : i.h ti' 'r r t din 'r' iminat ion score ;

h'1 , .' ,' i~r from n(orm;al v'lue:, which were s!I ightly

'r o r I ~,in ,'rinr with tho;e re Iit'ivo to accel ervoed

l,xiriim int,l I iibii ity was; reached within an inten-

!.ity rtinre of' 40 - 90 dB i1,; in 40 year-olds the maximum

int el I i ibiIity threshohl was inferior.

COTIC LUS I ONS

The eomparison between pure-tone and bisyl labic PB speech

discrimination functions confirmed the absence of speech-tone

dissociation in all subjects; this has already been shown.

However there is a noticeable SRT shift exclusively for sen-

sitized phonetic material and this would seem to point to the

fact that subjects with a high frequency hearing loss, have

considerable difficulty in understanding speech in critical

conditions. Therefore once we have eliminated the possibility

of interference of the central acoustic pathways, our results

would seem to confirm our theory concerning high frequency

cochlear damage and its negative effect on speech discrimina-

tion in critical listening conditions. Therefore, as far as

the medicolegal evaluation of high frequency hearing loss in

reference to general working capacity is concerned, we believe

that the use of criteria which attribute an almost non exis;t-

ant ponderal value to a deficit at 4 Kllz, should be examined

more closely, as such criteria are not entirely representative

of the general working capacity of ea,-' sinple subject.
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lIn r fS yoit~d thr iiim~- (d'~ of, stIa-cby1Sea'1 c

1~/l8 th e T imbitc of rese 0(01 f r t ed . 303, j 3 fK
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Con i d eri np, tha tt in th(senane (puadrennium the tot-al nun-

her of aesrelative to a] I profess!ional d eeswas re-

porl e I as- 198.838, we can ass ume that noise-induced hearing

l oss ace outnt; for ;'7% of' all types; of disablement.

lb i:C- induced hearing loss was included in i tali ian in-

urnepo1 icy for the fi rst t.i me in 19K_1 ind the scheme

adopted by the empl oyer' -Is liabilIity insurance act ( 197K)l 1 jots

different ways in which the damage can he contrac ted. The

1 owe *t. I eve ;0at whi1ch pro fe i iona 1 diseases have a right to

r-ompen ,isat i 0 has- theelS Lsrouight to 11% ( dec is ion of the Cons t i-

ttltional (Court. n' 93,30.K .19'/)



MATER I Al-; ANDP MYTIOJIS

We carried outa0tat;i. ca no ii.- of 5id iam tri-
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per-iod from 197V~-1981 , pres ented and iii an:tIef

for, noi.;e-induced heari g lf.Thf:n dii :- we re lr woar from
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for- the detec tion of' mi Iingot i ng , carit-led oattoioeoe to

otr~ict object ive procedir-:;.
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B. Distribution by years of active service (Table 2):

9.8% of subjects with professional hearing loss belonged

to class I (5 years); 45% belonged to class I1 (6-1b years);

whilst the remaining 26.4% had been in service for over

PO years.

C. Distribution of hearing_loss (Table_3):

Of the 1000 subjects taken into consideration, 40.9% showed

damage inferior to 5%; 19.6% had damage within the 6-10%

range; 28.6% within the 11-15% range; and 10.9% above the

16% level.

TAV. S TAV 3

DIRT I UZEONI PER CLASSl 01 ANZIANITA' DIGTRIBUZIONE DELL'ENTIT DEL DANNO E9PRESSA

LAVORATIVA IN% DEI OGGITTI ESAMIMATI

49

9...

*1 160

. . . . .. ..... ....

Table 2:Years of active service Table 3:Grade of damage (%)

D._Frequency of damageexpressedin permanent disablement

percentage values (refered to peneric working apacity), -a-

.a funectionof age and years of active service:

The percentage of permanent disablement increases progres-

sively as a function of age and year. of active service.
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E. Average hearing_threshold relative toageandyearc- of an-

tive service:

The analysis of average hearing loss at 500,1,2,4 Khz in re-

lation to age and years of active service shows how threhW Id

for 0,5 and 1KHz stays constantly around '0 dBH1i des pite Il.

above-mentioned factors. At 2KHz there is a significaint vari'vi-

bility. At 4KHz the threshold drops to 60-70 dBlH, as a fjn'-

tion of age and to 50-60 dBHL as a function of active .ervin.

CONCLUSIONS

The audiometric data taken into consideration allow us to

establish: a) noise-induced hearing loss in the group of - rk-

ers examined in our study reached maximum frequency for .'u--

jects within 40-49 years of age and with 6 - 15 of active scr -

vice; b) the analysis of audiometric data relative to age an.,

years of active service brings to light how the increa:se in

permanent disability, is directly proportional to the rise of

the two parameters (age and years of active service);c) 00.3%

of the workers show professional deafness with damage(refered

to generic working capacity) inferior to 11%, and thus,by law

do not have a right to compensation benefit.

340



A PO022 1W 1; A: 1CL2Cll' ]i1,"' OF O7CCUPATIONIAL !TICP> -XPIO:'upJ;

Avli th di RolofY, , Facol t di Inre ruir, Itali 5 a

INM)UCTTON

Italian law faces problems arising from noise with two articles in

the Civil and Penal Code respectively. Owing to the existence of such arti

cles any personl who disturbs another by a noisy activity is found guilty,

b)ut in each case- the Judge has to determine the limit above which the law

can operate. Tit '19 legislat ion regulating rights of work considered for

the fits tine tip problem of controlling the consequences iif occupational

noise: "reneral rules fur hygiene at work" state the rights to intervene

where there is shaking, vibration or noise harmiful to emp~iloyees. A law laid

down in 19 70, ho(tter known as "Workers' Statute", states that they have the

eight to pomote, even with the help of outside experts, researching, ela-

boratirg and realizing every possible way of preserving their health and

their rhysiOh integrity. Ce, neither ices levislation remuitinr workers'

rights fix the limit above which the law itself can operate. We must not

think that this characteristic, coannon to every law we have considered here,

1s a weakness in the law itself: in seed it is a good expedient which nolcis
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I INTRODUCTION

- i s ha eso on t ime-son Os Auto-Regress ive Miovinig Ave igo (ARNIA

Y-bin; are now classicalt in niany domains of siginal pru,sinq 1(pochi,

si-mi-, E-EG, radar signals, ec.). These model5 have ~ alread 5i' pli

11 osuly to non-imp] 1sivp sources such) as automobile, ra iwi' andi

ii rrt noise, making use of short-term Lo-series (integrat ion tine_

bt'nI s arnd] I n). Suc h tecihniqgoes can be used to an ii 'so c: wil ox

.F-in-ntl noi so containing impulses. Somo prel iminary results show

!it tKI mothudology can be used to detect automat icall1y impulses with

iql 1~ hilbe-series and to extract the impulses with simultalieoui;

2 - S-IN-GLE LEQ TIIAE-SERIES PROCE-SSING :AUTOMATIC IM~PULSE DETECTIONS

;, il ii. ARMA model to a t im-sot-los, using 3n alaptat ive scheme,

thi- vic n, I- the ''prw-iictien errur" will decrease toea ninimum when

Ah limy~r~n s sat ianary, but incioaees stronqly when tie alien thin

"rie-
2

'" a lienstai Lnaity. 'Those I echni lies piovide aol Wt non-

Ait iiiiir signal detect ion by. ohservat inn of the ev- lit ion 'if the

p-I 'ic in ernror.

Hiw -01 r-0-it irti Lo'g s-ris with an iritigrat i-n tine r--i-t-i to thi.

.1at' O ii Ih impulses (1,. fari un~der Onii oc ind), impuelses can is-

wf~y~d utomtic11 Qin amp~ WO11"n, W"I nIsp



lit ilustrat is utm tc ip ls e.t~ I i ,,n
(fiqure 1).

In tis cae th tota nus inlddhuqI

(krnstluctionU s n hli",SW dpjp r 1t rs 0 n

K4 the varinefth rd-ikr.

TIhe airrffloei spt rf its W I. maimump 2r, I
noct detcte 13 An Im u s ,i 1 - h ituli f It t ' "

1B (A)

20

1

"Vrtnc of tePdiction rir on

Eu

lThoii 2 ri

FIGURE I Aurtomactic impulse due cttn (examrple 1)

This is another il lust ratLion of jir( so detectijon based on s inql I
Led time-series prucessinri (Fig1ure 1) on a sit, which is submitted

tu geeral backgroundi nuis In -u osrucio n noise.

Again, hammer impacts are very easily dItertor while a ain sin-*
is; nut in spyi te uf its t runq sianturro

In the aijrrv eyamrplrs a 4th r"Mr Autr-Po~re'sviv, Npao has been us a.
ih: .o h'sn ;i'!rur ithm is t fas t f the P. sv ko st da'

(wi thuit furqet tin; fac tor)

11, leve,~ f thtie ''1 i ct t Ery"& tii i- M al ted t,. thn Le'el of tf
nn-ntatir:.illty rin rrrrlrl A ndi t- trio Avrr of rn-tt c iri
o the "Paslt"
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"Variance of the predictioni error"

0

F'IGUJRE 2 Automatic impulse dletec tion (example, .)

3 -SIMULTANEOU-S LEQ TIME-SERIES PROCESSING :ADAPTATIVE NOISE CANCELLINrd

For the anal 1; ys of a complex enivironment (:ont tainc [1nulltI ii1 am,,
it is possible to use a technique c alledl "Adaptative I<s (0:11:.

for muli Iple sources disc rimina tion.

It is then necessary to use simwultaneous mewasurements.

For example, in the case of -A sn source of interest, I-
me asurement points are necessary:

- point 1 is typical of the socurcek of interes;t
- poi nt. 2 is submi tted to various nol sos, amonig which this ssuc

At the ,output of the process, we get an est imaIte of time I .egt
at poinit 2 without thle contribut-ion of the source( of jnforest , a5 %oell
as the ount ribut ion of this source. alone. Tb is process ca--,n al1 s
achieved nr real t ime.

it s;hows- an appilica tion of this method to cemuiit.-ineomsrcri
taken in a field situatioin in the presence, of Impuilsoe.- Th,,
site is the sa-me as that of exampli 1.

Point I is recorded close to, the irmpul posource'whil
further away (see figure 3).

Jt can be seen that after a converge nce time, cace li imma

impulse noise at point 2 ommn he obt sinmod. Since this-, i , Jut to t
correlation of the Teg timre-series -it po It and .' wit lb i epf
to the impulse noi so, the a ircra ft no) so which a 1so cor soils)n1 to)
stro)ng corr, tat ion is cancel led too. To obtain the, con tr ibull i sc I th
impmi so noise al one, it! is niecessairy tlo p-rforiian imrsm 1 o lot s
IftI r c-anicel 1ifig the aircraft inom se.
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"Air raft n oie"

NOISE AT POINT N° 1 (close to impulse noise)

NOISE AT POINT N* 2 (far from impulse noise)

Hammer noise is cancelled old
cance c-11ed

NOISE AT POINT 2 AFTER PROfESSING

0 Time T s Time

FIGURE 3 : Adaptative Impulse Noise Cancelling (exem:il<"

4 - CONCLUSION

The application of time-oreies analysis to short-term r,'o .of

noise has shown that the detection of impulses is possi!,1. D (-il f

rather complex signals containing various types ofnv rnent n10 0s0.

Of course, this discrimination technique is still at its beqinni ,
several refinements are being called for.

Concerning the algorithms themselves, several aspects t1oe- tc ho
studied furtler, such as :

- the effect of the order of the mod( I,
- the use of a weighting time window,

- the problem of synchroniz1ing simultIne(ous mtoasu r(omsnt

Data acquisition also deservs fArthr ittent ion ,twn t.

lines :

- effect of the integration time of the. e;,
- effect of A or other frouucn:y wot n ttt n-ic.
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introduction

it is possible to protect each and every worker on an individual
basis through implementation of a hearing conservation program like that
practiced for many years in the Du Pont Company worldwide.' Scien-
tific evidence is presented showing that this goal is achievable without
reliance upon compromising percentage risk concepts. Some reasons why
this goal of 100% worker protection may not be achieved (nor, targeted)
through compliance with present and proposed governmental regulations
are examined. New evidence supporting the 5 dBA exchange rate is
identified.

Workplace noise regulation has been historically founded on a
principle of "acceptable percentage of risk". 2  Reliance upon this
principle is unnecessary and unacceptable according to contemporary
epidemiological studies.

3'4

Since a hearing conservation program has been proven to eliminate
reliance on the risk principle, it should be considered the primary
basis for protection of individual worker hearing health.

Regulatory Proposals

Some regulatoty proposals continue reliance upon unproven and
impractical equal energy hypotheses and an erroneously derived criterion
level of 85 dBA. 1  It seems some regulators would insist that it is
necessary to place some workers at risk to draw attention to technical
and engineering controls.

We urge those responsible for regulation to adopt a common sense
hearing conservation program approach with medical surveillance.

A 90 dBA criterion level with a 5 dBA exchange rate, supported by
available scientific evidence, can then be established for technical or
engineering controls. We suggest that incentives for these controls be
established independent of workplace regulation, preferably at the point
of original equipment manufacture (OEM).

Risk Criteria Establish Risk

Direct exposure assessments have not yet been correlated epidemio-
logically to audiometric test results for test subjects as they have for
workplace measurements. For lack of appreciation of the overriaing



benefits of a hearing conservation program with medical surveillance and
intervention, past studies have been used to establish criteria allowing
for (indeed, requiring) some percentage of risk.

Technical or Engineering Controls Establish Risk

Few effective engineering control techniques are available today.
This thrusts most engineering control into retrofit, such as enclosures.
Completion of technical or engineering controls to a criterion number,
ensures that the risk percentage of workers aligned with that selected
criterion number, is then placed at risk.

The Hearing Conservation Program Overcomes Limitations of Risk

Dr. Pell concluded from his study3 that a hearing conservation
program whose components include periodic audiometric testing and ear
protection, and which utilizes a hearing conservation criterion of
approximately 90 dBA, is capable of protecting the hearing health of
noise-exposed workers. Dr. Pell's findings are corroborated in a simi-
lar study4 reported in 1974 by Gosztonyi.

The hearing conservation program also provides a basis for monitor-
ing the effectiveness of personal hearing protection.

90 dBA Is the Most Practical Criterion Level

A criterion level of 85 dBA for technical controls is highly imprac-
tical, and will remain so for many years to come. Continued misplace-
ment of incentives for technical methods in user oriented workplace
regulation will likely delay progress, as more than 12 years of regula-
tion in the U.S. has shown.

The EPA did not properly apply the difference between octave oand
sound pressure level in dB and sound level in dBA (ie, A-weighted sound
pressure level) .5 That error turns present claims for an "85 dB" cri-
terion level to support for 92 dBA or more. A 92 dBA criterion level is
in line with Pell's findings.

If any practical, progressive change in present criteria levels is
to be made, reducing the upper limit from 115 dBA to 110 dBA would have
a positive impact in keeping with hearing conservation goals.

A 5 dBA Exchange Rate (Exposure Level and Time) Is Most Appropriate

We believe that the 5 dB(A) exchange rate, going from the criterion
level of 90 dB(A), is the only rational and appropriate choice.
Sulkowski, 6 Henderson,7 and others agree. This is particularly true
considering the significant and unnecessary cost penalties associated
with going from 5 dB(A) to 3 dB(A) as an exchange rate. A 3 dB(A) ex-
change rate is based upon implausible zero intermittency in daily worker
exposure to noise and a fundamental misconception regarding relation-
ships between addition of decibel levels and equal energy of decibel
levels. We also recognize the basic weaknesses of the Burns and
Robinson study leading to the "equal energy" hypothesis (EEH).8

The actual effects of intermittency were demonstrated in the work of
Sataloff, Vassallo, and Menduke with iron ore workers.9  These inves-
tigators found that workers exposed to intermittent noise showed no
greater incidence of impaired hearing than workers exposed to steady



noise some 20 dBA lower.
To reject the 5 dB(A) exchange rate in favor of a 3 dB(A) rate

requires the assumption that intermittency of exposure and/or sound
level has no effect on the manner in which sound levels and exposures

relate to hearing loss. There is no basis for such an assumption in the
scientific literature and it would seem to go against the universally
established natural principle of homeostasis.

The data contained in Beranek's book 2 shows how an appropriate
exchange rate depends not only on time and sound level, but also the
number of interruptions in the exposure (or level) per day.

The use of the 3 dB(A) exchange rate in a regulation would be valid
only for a full shift exposure without any (or perhaps single) inter-
ruptions. To assume that workers will have only one interruption, or
less in their daily exposure is to ignore the realities of worker expo-
sure in a modern world.

Burns and Robinson assumed individual dose exposures with a vari-
ability of 10 dBA or more. In our view this order of magnitude varia-
tion virtually eliminates any prospect for those authors, or anyone who
considers their hypothesis to discern a distinct preference for a
3 dB(A) rate over a 5 dB(A) rate.

Sulkowski 6  and Borchgrevink7  have recently produced convincing
evidence that the Equal Energy Hypothesis (EEH) is not valid.

We also note that The American Conference of Governmental Industrial
Hygienists in its latest (1982) TLV@ document clearly specifies a
5 dB(A) exchange rate in Table 8 on page 80.

We agree with Dr. Sulkowski's conclusion, based upon his exhaustive
study, (see page 206 of Reference 6),"... it seei-! that the 5 dBA
doubling rate is more appropriate than 3 dBA time/intensity tradeoff
value".

Conclusion

The 90 dBA per 8-hour criterion with a 5 dB(A) exchange rate, should
be used as the basis for technical or engineering controls in workplace
noise regulation. A hearing conservation program should be required
first and foremost to protect workers from potential noise-induced hear-
ing impairment on an individual basis, beginning at 85 dBA. A 3 dBA
exchange rate based upon an equal energy hypothesis is not valid accord-
ing to Sulkowski,6  Scheiblechneri 0  and others. Henderson7  has
shown that EEH is not appropriate where there is impulse noise present.

Protecting all workers from potential hearing impairment due to
industrial noise exposure is an attainable goal.1 1  More than twenty-
five years' experience in Du Pont prove it. A hearing conservation pro-
gram, with medical surveillance, audiometric testing, training and
hearing protection where necessary and appropriate, is a tested and
practical procedure. Present and proposed noise regulations, establish-
ing preference for technical methods or engineering controls to some
risk related criterion level, cannot produce such protection for as many
individual workers in industry. Practical technical methods or engi-
neering controls necessary to meet a 90 dBA criterion level are not
generally available 12  and 85 dBA would further emphasize their
impracticality.
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Robertson and Williams (1975) in a survey carried out on a

sample of Graining pilots after their rirst flying session,

who showed no evidence of threshold dip with traditional audio-

metric procedures, referred no deviation from the norm for

high frequency levels.

Osterhammei (1980) studied ?8 subjects, ranging from 30-

59 years of age and divided into groups by decades and reached

the conclusion that high frequency audiometry cannot be used

as an early index of noise-induced hearing loss: in fact, ac-

cording to this author, even in presence of damage at 4-8 Kllz

the average high frequency audiometric function is still with-

in normal limits.

On the basis of these studies we decided to examine the

high frequency function in a group of young noise-exposed sub-

jects with normal audiometric findings, in trie attempt to

bring to ight an early,selective involvepnent of hearing with-

in this specific range. In other words we tried to assess whei-

ther high frequency audiometry can be considered a predi'tive

method for the pre-clinical identification of noise-induced

hearing loss.

MATERIALS AND RETIIOPS

We selected subjects ranging from 20-P9 years of age who
showed no evidence of any general or spec ific pathology that

could influence the hearing function.
These subjects belonged to a group ol joiners and 'orp, n-

ers who worked as scene builders in the television sludio.
All had 1-3 years of active service and had been Pxp oed to
noise stimuli under homogeneou temporal and intencitv 'ordi-
tions (95 dB Fq).

These subjects underwent pure-tone arid impedan' audi-

metry after a 48 hour rest period, we further selected I KUL-
jects from this group who snowed normal findings for the A.e
mentioned test procedures, in order to carry out, high fr'quen-
cy audiometry.

The testing was carried out with an Os-i Iator B&K 10],1,



a home-made autenuator wi th l, ;iejs,, a hig- 1 as fi]te

with cut)off frequency at KlIz. As s, ge ted iy ti ,-t al.
(1979) the transducer was a Kos!. headphone lIV/1A, boe Vo gIfe
a flat. respoi se up to .'0 Kliz at an inten; ity 511p.r 01" to IuO

dB SPL Tie stimuli wi ch had a duration of 1 se()rld, were

triggered by a home-made electroni(c swi tch with riIefal 1 time,.s
of 100 msec. i he tests were carrieo out in a ,-,i lent. room.

HESU ,TS

Figure 1 compares the average high frequency furict fn for

these subjects, with that relative to the control ) roup, made-

up of 50 normal subjects belonging to the same agoe group who

underwent identitiual test procedures. The comparison of ave-

rage values, the standard deviation and, above all, the sta-

tystical analysis of the significance of the oata, brought to

light the abscence of statistical significance in the data

concerning these two groups.

dB SPL

90

70

50

30-

10

a 10 12 1 16 18 kHz

Fig.1 Mean and standard deviation values for high frequency

function in noise-exposed subjects. (Shaded area normal:)

CONCIUS lONS

The data extracted from our survey enanles us to claim

that there was no early involvement of high frequency hearing

in the noise-exposed group taken into consideration. This fiind-
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HEARING DAMAGE CAUSED BY I MPULSE NO SE

- RESULTS OF A SWISS INVESTIGATION

Hohmann, B.W. and Rathe, E.J.

Physics section, Swiss National Accident Insurance Fund SUVA, 6002 Lucerne

Acoustics Laboratory, Swiss Federal Institute of Technology, 8092 Zurich

I N 1 R 0 D U C F I 0 N

There is no generally accepted damage risk criterion for impulse noise.

Various rating methods are proposed, including the equivalent A-weighted

sound energy (LEQ, [AX/SEL), fixed or variable correction factors to

be added to the Leq [ISO, DIN/VDI, Bruel] and level/duration criteria

for unweighted signals [Pfander, CHABA].

To evaluate the different methods, a mobile 32-channel real-time measuring

system was developed [I], which was used for over 300 field measurements

of industrial impulse noise and weapons impulses.

Original PTS (permanent threshold shift) and noise exposure data from

more than 250'000 people as well as over 600 cases of hearing damage

caused by weapons were available to search for relations between acoustic

parameters and noise-induced hearing loss.

M E A S H P E M E N T () F 1 M P U L S E N O I S E

Acousticai noise measurements must take into account the characteristics

of the human ear. Figure 1 shows the transfer function from the free

sound field to the cochlea, based on data from MEHRGARDT [2] and STIRNEMANN

[3], and the curves A, D and the combination of A and D ("A*DI'). The

flattening of the equal loudness contours at higher levels must be due

to the nonlinear coding process of the hair cells. Therefore at least



t20 , the filter A should be used

1 \ for impulse noise, but a better
simulation of the outer ear

0

. -10 + * ear (s.text) The frequency analysis 'istly

x o filter D applied to impulse noise is

E + filter A*D the FFT, although the tran-

-30 sient behaviour of the basilar
125 250 500 1kO 2kO 4kO 8kO

Figure 1 frequency LHz] membrane is similar to octave

or third-octave filters.

1/3 octave analysis and weighting according to figure 1 showed that at

the input of the inner ear, nearly 90 of the noise sources produce

a spectral peak between 2 and 5 kHz. The audiometric dip at 4-6 kHz must

ti-, fore be explained by the transfer function of the human ear and

a level-dependent shift of damage location to higher frequencies [4].

In the time domain, one possible reason for an excessive damage risk

of impulses is the delay of the acoustic reflex. The DIN/VDI method based

on this assumption introduces a penalty of up to 17 dB for isolated impulses

by integrating the impulse-weighted DC-output of a SLM ("impulse

correction").

Some authors suppose short peaks to be extremely dangerous. As a

compensation, Bruel proposed to add the difference L(A);,,,k - L(A),. ,

to the LEQ ("peak correction").

L 0 N G - I I R M E F F E C T S O F I N P U L S E NOI S E

Since 1971 SUVA has been collecting PTS and noise exposure dati of over

250 000 persons. initial evaluations of these data displayed considerable

differences to the predictions presented in !SO draft 1999 (1981), specially

for low noise exposure. To avoid problems caused by differing age-related

hearing loss or sociacusis, the mean hearing loss (CPT-AMA) of i group

exposed to a specific noise situation was compared to the mean heirinq

loss of a reference group with identical distribution regarding sex,

age, noise level and exposure time.

i i • '



Then the noise level correction necessary on account of the actual hearing

loss was calculated. So noise level corrections are positive, where the

average hearing loss exceeds the one predicted on account of the Leq.

If impulse noise were more hazardous than continuous noise of equal

A-weighted energy, then this level correction should correspond with

the impulse correction and/or peak correction.

Results:

- The level correction calculated for the metal industry does not surpass

the level corrrection for the wood industry.

- No correlation was found between the level correction on basis of hearing

loss and the peak correction proposed by BrUel. Perhaps the peak

correction was applicable for measurements with earlier SLMs set at

"slow" response.

- On the average, only 1/3 of the impulse correction according to DIN/VDI

is justified. For isolated impulses an increase in level of up to 5

dB is adequate.

HEARING DAMAGE CAUSED BY WEAPO .S

For 180 cases of hearing loss caused by weapons impulses without revious

noise exposure the A-weighted sound energy based on the acoustical

measurements, the number of impulses and the acoustic environment was

calculated. On the other hand, the binaural hearing loss (CPT-AYA) , from

which the average hearing loss of a reference group without noise exposure

was subtracted, allowed to correlate the sound energy of the dai aging

event and the mean hearing loss (figure 2). The regression line shuw n

intersects the base line ("no NIHL") at about 125 dB SEL -LAX

The average PTS caused by a single blast of 125 dB SEL is comparahI e

to the PTS after 10 years exposure to 92 dB(A) fnr the same age group.

This result indicates, that a SEL of 125 dB exceeds the limit of mehianical

damage to the inner ear ("critical level'). The fact that the new Swiss

army standard rifle (SR2, SEL t128 dB) led to a significant increase

in hearing damage, supports this criterion.

'<I
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CONCLUSIONS

For hearing conservation, industrial impulse noise is preferably assessed

by the LEQ measured with accurate integrating SLMs. The impulse correction

after DIN/VDI overrates the risk presented by impulses.

The daily sound energy allowed by a limit of 90 dB(A) LEQ must however

not be concentrated into an extremely short time, because above 125 dB(A)

SEL mechanical damage to the inner ear may occur.
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HEARING LOSS DUE TO IMTACT NOISE IN THE DROP-FORGING INDUSTRY
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'National Institute for Occupational Safety and Health,
Cincinnati, Ohio, United States of America

2 University of Dundee Medical School, Dundee, Scotland
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INTRODUCTION
Two independent studi s of noise and hearing loss in drop-forging
industries have been conducted in Europe. The National Institute for
Occupational Safety and HealtU oltaited original data from these studies
for the development of a data base on impact noise. Results of these
studies have Leen reported 1v Sulkowski et al. (1978; 1080) and Taylor et
al. (1983) previously. The nois- exposure conditions included in these
two studies allow for comparison of different techniques which have been
used to determine equivalent continuous noise levels Ior impact noise,
and, comparison of noise exposures with approximately the same overall
noise levels, but with different impact noise and background noise
components. In all cases, the impacts occur at a rate of less than one
per second, the point at which impact noise has Leen commonly
distinguished from continuous noise. The purpose of this paper is to
compare hearing loss in two populations exposed to approximately
equivalent noise in different locations.

The Sulkowski data for analysis included 790 hammer forge workers from
three different factories in Poland and L69 control subjects with no
history of occupational noise exposure. Subjects with ear pathology or
previous noise exposure and forge workers with less than one year at the
forge are not included. Noise data for 163, 208, and 410 workers at
Factories I, II, and III shown below were used by Sulkowski et al. to
calculate equivalent continuous A-weighted noise levels using the
technique of Atherly and Martin (1971).

Peak Decay No. of Average Impact Back- Overall
Level Time Impacts on lime Rate per level, ground level

Factory (dB) (sec.) per Day (hrs.) Second I(A) LB(A) LC (A)
r 126.4 0.03 20000 6.0 0.6- 10i 104 &V

II 135.0 0.09 9700 3.5 0.34 l1 107 112
I1 133.4 0.06 16000 - 0.57 110 P8 Ili)

As reported by Sulkowski (1980), comparison of hearing data from Factory I

to I|



(le( = l0 dB) with that from Factory Ii (11q=112 dB) indicate no

significant differences between the two groups. In each of these two
cases the background noise levels are within 5 dB of the overall, ;,q
vaIles. For Factory III (1. qll0 dB) however, the background noise

Level is 22 dB below the Leq value. Comparison of median hearing
levels from Factory Ill with those from Factory 1-11 shows substantially
less hearing loss from Factory I1.

The Taylor (1983) data for analysis inclucded 505 hammer forge operators,
211 press forge operators, and 293 offic( workers employed in forges in

the United Kingdom. Subjects with ear pathology or significant noise

exposure not associated with their occupation and forge workers with less

than one year of exposure are not included. Equivalent continuous
A-weighted noise exposure levels for hammer and press forge operators
were determined using data from personal noise dosimetry. Dosimeters

were worn by forge workers over the course of 8-hour workdays. The
hammer operators had an average Leq of 108 dB and the press operators

had an average of Leq of 99 dB (A-weighted values).

Background noise levels were less than 90 dB.

Previous comparisons of Taylor's impact noise-exposed subject hearing

data have been made with hearing loss data due to continuous noise
presented by Robinson (1970) and Passchier-Vermeer (1968). These

comparisons indicated reasonably close agreement between hearing loss
statistics for subject, greater than 35 years of age with 10 or more

years of exposure.

DISCUSSION
Comparison of the two control populations shown in Figure 1 indicate very

little difference between median hearing levels at 500, 1000, and 2000

Hz. At 3000, 4000, and 6000 Hz, pr(gressively higher median hearing
levels appe in the Sulkowski population. This may be explained by the

fact that Sulkowski's control subjects are all male, whereas Taylor's

controls are primarily female and the differences shown are typical
(Passchier-Vermeer, 1968). The close agreement between hearing levels

for the 15-24 age groups indicate a high degree of compatibility between

the two studies.

Hearing data from Factories I-If combined (Leq=lll dB) in the Sulkowski

study and those for hammer operators (Leq=10 8 
dB) from the Taylor study

are shown in Figure 2. The median hearing levels are similar and
indicate agreement between the two studies and between these studies and
data from Robinson at an exposure level of about ln8 dB. However, in

this case the Sul[kowskl data show more hearing loss for age groups with

average exposure times of less than 10 years and less loss for exposure

times of greater than 10 years when compared to the Taylor data.

Previous comparison of Taylcr's impact noise to models of continuous
noise indicated less hearing loss due to impact noise for exposure times
of less than 10 years. The indication of more hearing loss for exposure

times of less than 10 years in the Sulkowski data in this case may be due
to the relatively high background noise level of 108 dB, i.e., the more

continuous nature of the noise exposure.

Similarly, comparison of hearing data from Fac ry III (Leq=1l0 dB) In

the Sulkowski study with those for press operat,.s (Ieq=99 dB) in the
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Fig. I- Percentile hearing level distributions of control subjects in

Taylor MT study compared with control subjects in Sulkowski (S)
study. (Solid lines connect median (50%) hearing levels for MT

study; dashed lines connect median levels for (S) study).
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Fig. 2 - Percentile hearing level distribution of hammer operators in
Taylor (T) study compared with workers from Factories i -l1 in
Sulkowski (S) study. (Solid lines connect median (507) heari g
levels for M study; dashed lines connect median levels for (S)

study).
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Fig. 3 -Percentile hearing level distributions of press operators in
Taylor (T) study compared with workers from Factory IIT in
Sulkowski (S) study. (Solid lines connect median (50%) hearing
levels for (T) study dashed lines connect median levels for (S)
study).



Taylor study (see Figure 3) indicates the hearing 1 .
Factory III (le(-l0 dB) are no greater than those for press operators
(UP="0 dB). This result and comparison of Factory III with Factories
I-I surgest the possibility that the Leq of 110 dB for Factory III
determined by the method of Atherly and Martin using "typical" values of
the impact noise parameters may not be an accurate assessment of the
equivalent continuous noise level that would have been determined had the
noise beea "integrated- over all values of these parameters typical to an
8-hour workday.

Further evidence of the need to assess possible measurement error is
dicated by the fact that Atherly's and Martin's evaluation and
:culations of impact noise levels in the same plants that Taylor

onducted his study indicated levels of 118 dB and 110 dB for hammer and
press operators as compared to values of 108 dB and 99 dB found in the
Taylor study using dosimetry. Assuming values of LI (computed using
Atherly and Martin's method) are 10 dB high, Sulkawski's Factory III
would have an l, of 100 dB and Factories I-I combined would have an
Leq of 108 dB (i.e., Leq=LB). 1hus, the results would indicate
that the populations in the two studies consistently exhibit the same
hearing loss for the same equivalent continuous exposure.

CONC(I.S I ON
The original data obtained from the two sources appear to contain
unexplained errors in the measurement of the stimulus. In order to
accLrately evaluate exposure to high impact noise levels, techniques used
for the measurement require further investigation. The weakness of the
studies lies in this area, as shown by the differences in Leq values
and secondly, there is the difficult question of the influence of the
continuous background noise on the overall hearing loss. If further
resolution can be made of the presence of error in either or both of the
two measurement techniques, controversy concerning whether hearing loss
can be accurately assessed using equivalent continuous noise levels for
impact noise exposures could be more clearly understood.
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TEMPORARY THRESHOLD SHIFT AFTER EXPOSURE TO NOISE AND MUSIC OF
EQUAL ENERGY

Lindgren, F. and Axelsson, A.

Department of Audiology, Sahlgrens Hospital, Gothenburg, Sweden

INTRODUCTION

Our previous investigations revealed'that pop musicians showed less tempo-

rary threshold shift (TTS) than experimental subject-listeners after pop

concerts, in spite of the fact that musicians were exposed to higher sound

levels (Axelsson & Lindgren, 1978). The findings suggests that other fac-

tors influence the individual development of TTS than the physical proper-

ties of sound (exposure level, exposure time, and frequency distribution).

Indeed, this focuses on a possible influence by noise on extra-auditory

functions and the psychological experience of sound (Chtden & Strauss,

1973,1974; H6rmann et al., 1970; Ismail et al.,1973; Jansen, 1970;

Sch6nfeld, 1979).

The aim of the present study was to determine individual differences in

TTS after repeated controlled exposure to noninformative noise and to

music, with equal time-, frequency- and sound-level characteristics.

MATERIAL AND METHOD

The experimental subjects were ten voluntary teen-agers (nine males and
one female) with a mean age of 16.2 years (range = 16 - 17 years) and with
normal pure-tone thresholds. Middle ear pressures and contra-lateral



acoustic reflex thresholds were within normal range.

In order to obtain two "identical" exposures with different information
content, a selection from a musical performance was used as a basis. The
music was a recorded 5 min continuous part of a pop-concert, duplicated to
result in a 10 min exposure. The frequency distribution, sound pressure
level (SPL) distribution and SPL-variations for the musical exposure were
carefully monitored. A non-informative exposure was then created by feed-
ing the music through an octave filter and into a level analyzer in order
to obtain an electrical signal with the same characteristics in each oc-
tave band. The electrical signal then controlled an attenuator which was
fed with an octaie-filtered noise. This procedure was repeated for each
octave band from 63 to 8000 Hz. These noise-bands were gathered and com-
prised the 10 min noise exposure. The L per 10 min in each octave
band as well as SPL-variations and maximum JS minimum SPLs in each octave
band were comparable to the music exposure. Measurements showed that
overall SPLs as well as the dB(A) level were equal for the "noise" and
music. Each subject was in randomized order for 10 min exposed on five
occasions to noise and on five occasions to the music at L 106 dB(A).eq

TTS was determined from pre- and post-exposure pure-tone thresholds esta-
blished with computerized sweep-frequency audiometer (type BkOsy) in
the frequency range 1000 - 8000 Hz. The test tone was delivered to the
subject over an insert earphone in order to minimize variations caused by
misplaced earphones. The post-exposure threshold determination started 2
minutes after cessation of the exposure at 1000 Hz (TTS2 ).

RESULTS

Individual analyses of TTS-data demonstrated a marked discrepancy in mean

TTSs between the two stimuli for six subjects while four subjects showed

only slight differences. However, in all cases where differences were ob-

tained, this was due to more TTS after exposure to noise. Typical mean

TSs after five reoeated exposures to each stimulus are shown for two sub-

jects in Fig. 1.

In order to establish possible significant variations in TTS between the

two stimuli, the difference in ITS at each noise session and at each music

session was calculated for each individual, at each test frequency and at

each paired session (i. e., first noise TTS subtracted by first music

TTS, second noise TS subtracted by second music TTS etc.,). Mean paired

differences were significantly shifted at 2000, 3000 and 4000 Hz (p <

0.01) and at 5000 Hz (p < 0.05)(Fig. 2).
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Fig. 1 Mean TTS for 3 individual subjects after five exposures to noise
(unbroken line) and five exposures to music (broken line).
Standard deviation is indicated by vertical bars.
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CONCLUSION

The results do indicate a difference in TTS-susceptibility caused by psy-

chological factors and it seems possible that in this limited population

there were differences in ITS caused by factors such as the subjective ex-

perience of the noise versus the music. It might be speculated that if a

noise that produces more TTS than another one is also more hazardous in

longstanding exposures it could ultimately result in a more pronounced

permanent noise induced hearing loss. High sound-levels that are experi-

enced as unbearable, unpleasant and unnecessary would then induce more he-

aring loss than sound at excessive levels, but with positive emotional

content.
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REDUCING INDIVIDUAL SUSCEPTIBILITY TO NOISE DAMAGE -- HISTORICAL REVIEW
AND PROPOSAL FOR INTERNATIONAL COLLABORATIVE RESEARCH

Lipscomb, D., Harris, G. and Dubrowski, R.

Department of Audiology & Speech Pathology, University of Tennessee,
Knoxville, Tennessee, USA

INTRODUCTION

For nearly a decade, we have been investigating the effects of

Carbogen (95% 02, 5% C02) inhalation on noise-induced hearing

impairment. Our findings have indicated the following:

1. Carbogen inhalation prior to, during, or immediately after

noise exposure reduces TTS and hastens recovery from TTS (Joglekar, et

al. 1977, Brown, 1980);

2. Carbogen inhalation has been found to reduce histologically

observed cochlear sensory cell damage in experimental animals exposed

to dangerously great sound levels (Witter et al., 1980); and

3. Carbon dioxide is the apparent active ingredient that

increases resistance to noise-induced effects (harris and Lipscomb,

1981).

These results have led to a search for an effective means of

providing controlled C02 inhalation for industrial workers. It is

obvious that large tanks and breathing masks are infeasible. Therefore,

we turned to the rebreather, a device into which persons breathe and
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receive approximately 5% C02 for the period the rebreather is used.

MATERIAL AND METHODS

There remains a need to investigate several parameters to deter-
mine whether use of a rebreathing device is effective in increasing
individual resistance to high level noise exposure. At present, we
are limiting the scope of such investigation to those persons whose
noise exposure is:

1. marginal (80 to 90 dBA daily noise dose);
2. due to inadequate ability to provide hearing protection (work

environment in excess of approximately 120 dBA);
3. persons who arrive at work with TTS from noisy transportation

vehicles; or
4. persons who engage in high noise level non-occupational acti-

vities and who arrive at work with a TTS.

In the case of subject classes #1 and #2, the intent of
rebreather use will be to increase resistance to noise-induced hearing
impairment. For those in subject divisions #3 and #4, use of the
rebreather upon arriving at work is thought to enhance recovery from
the previous TTS as well as assist in decreasing susceptibility to
noise-induced heari g impairment.

Apparatus is simple. The rebreather to be used is a one-liter
capacity unit that is completely collabsable such that it can be
placed into the worker's pocket or other small compartment. A nose
clip is integral with the rebreather to seal off the nasal passages
assuring the breath stream is directed entirely into the rebreathing
unit. The rebreather is disposable and inexpensive, so a new unit can
be provided to worker subjects each day.

Design considerations for a multiple-location study include some
fundamental elements:

1. Workers will use the rebreather for three minutes immediately
upon entering the workplace;

2. At the morning break, at the beginning of the lunch break, at
the end of the lunch break, at the afternoon break and immediately at
the end of the shift, the rebreather will be used for three minutes.

3. Hearing testing of each worker subject will take place at the
beginning and end of the work day for three successive days during
which rebreathers are used.

4. For three successive days, each participant will receive pre-
and post shift hearing tests and will be seated alongside subjects
using rebreathers for three minutes, but will not use the rebreather
(sham condition).

A history will be taken that will include questions regarding
non-occupational noise exposure, noise exposure history, subject
description of their hearing and subject reaction to the rebreather.

RESULTS

It is anticipated that such an international cooperative study



will provide close scruiteny of a promising new approach to hearing

conservation -- physiologically based hearing protection. Rather than

simply blocking the pathway of sound, the proposed approach utilizes

established physiological responses to provide limited hearing

protection. Its success and future utilization can only be determined

if numerous applications are investigated using typical industrial

worker subject classifications.

CONCLUSION

It is proposed that representatives of industry in different

nations engage in a cooperative study with our coordinative efforts.

Using the basic research design described above and utilizing

rebreathers we will provide for workers, we hope to collect and ana-

lyze valuable data concerning the efficacy of rebreathers as physiolo-

gical hearing protective devices for use in industrial settings for

employees marginally exposed to noise or for whom hearing protection

is inadequate.
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THE CURE FOR NOISE-INDUCED HEARING LOSS IS PREVENTION

Anne E. MacNaughton

Civil Service Technical ;uild, Local 375, New York, N.Y.

There is a dearth of basic information on noise-induced hearing loss.

A nati-nial magazine's covoer story with an interview format, "How Modern

Life Can Damage Your Hearing," omitted to ask the most important

question, 'Is there any way that a person can protect his hearing from

noise?' We read about sound levels at the cinema. "Led Zeppelin

pulverizes eardrums' Even using squashed-tip balls of paper napkin, it

was loud!"

In 1972, Dr. Donald Belt, audiologist of the Stanford Medical Center,

testified before the Committee on Public Works of the U.S. Senate. lie

proposed that legislation be enacted to establish a public education

program, using the various media to provide information on noise and

hearing loss, in order to help citizens to conserve their hearing.

This important program was never established.

In 1979, at a seminar in San Francisco, Lt. Col. Donald Gasaway,

USAF, emphasized that noise-induced hearing loss is totally preventable,

but that an individual may have to lose hearing before becoming inter-

ested in protecting it. Col. Gasaway noted that no information is given
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in Heal th lectures and that there is an urgent need for pub I ic education.

Protection of the 4000 iz. receptors is critical. SFaker after speaker

stressed education for all, in order to change the attitude of the

public toward noise as a hazard.

In 1981, Dr. Aram Glorig, in an editorial, said that school systems

are failing to emphasize the importance of hearing and its conservation,

especially the hearing of children. He recommended that parent-teacher

organizations, school physicians and nurses, develop regh'ar and

continuing programs about the importance of hearing and the danger of

noise exposure, whether it be loud music or any other type of loud noise.

My own research attempts to discover school programs produced

little data. I quote from the few responses received.

An educator in Seattle, WA. tells me; "As far as hearing loss in

schools is concerned, there doesn't appear to be any particular interest

in a significant program of this kind. I have visited a number of shop

classes and none of the students nor the instructors were wearing any

hearing protection."

From Peobody, MA., a Coordinator of Reading said; "I am very con-

cerned about the hearing problems we are encountering here in the school.

There is little concern on the part of administrators or the local

hospital. We do nothing on 'Hearing' in any curriculum." (A group of

students had developed hearing loss within the same frequency range.)

From Eudora, Kansas, a teacher wrote the U.S. Environmental

Protection Agency. "liere was an assembly presenLtati n 01 one' ot Iour

Air Force bands. When they started playing, the volume was excruciating.

We, as an institution, should not be contributing to this abuse of our

young persons' ears."
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A Director of Hearing Education Services commentcd in an article;

"The number of hard-of-hearing chilidren is not likely to decline

significantly in the future; the advent of loud noise damage is likely

to escalate."

The title of an article in the "Hearing Aid Journal" sums it up;

"Why Not Amplification In Every Classroom?"

I call for every individual at this International Congress to in-

volve himself, or :herself, in an ongoing public education program, in

his or her home community.

Such a program would provide answers to questions on every aspect

of noise, hearing, hearing loss and hearing protection. The three

warning signals of early damage, given to its owner by the ear itself,

must be described and emphasized. These are: (from "Guide to the

Conservation of Hearing in Noise" of the American Academy of

Otolaryngology.)

1. Difficulty communicating by speech when in the noise,

2. Head noises or ringing in ones' ears after noise exposure,

3. Temporary hearing loss when voices sound muffled after several hours

of exposure to noise.

Finally, the program must teach the consequences of noise exposure;

exactly what it is like to be hard-of-hearing; to have lost 'workable

hearing for speech,' essential for happiness. Frances Warfield expresses

it best in her autobiography, "Keep Listening." "Impaired hearing can

invade the dignity, undermine the personality, and damage the living

spirit. It can strike at the human being's basic needs; love, self-

acceptance, financial and social adequacy." This need not happen! We

all must make sure that it will NOT happen!



ADDENDA for ACTION

Environmental noise, which does not harm hearing, acts by disturbing

the individual emotionally. The remedy, for unavoidable and annoying

noise, is to block it from the ears with earplugs.

Promote legislation to establish safe sound levels for stereo head-

sets and for amplification in indoor and outdoor public places.

Urge manufacturers of hearing protection to enter the consumer

market; to contact all health professionals with literature and samples,

as do drug companies; and to advertise in equipment manufacturers'

catalogs.
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TINNITUS AND OCCUPATIONAL EXPOSURE TO NOISE

Merluzzi F., Duca P.G., Ciuffreda M., Di Credico N. and
Cantoni S.

Institute of Occupational Health, University of Milan, Milan,
Italy
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INTRODUCTION

It is generally agreed that acute and chronic acoustic

trauma can predispose towards tinnitus (Hempstock, 1971) as a

result of lesions to the hair cells of the Corti's Qrgan. How-

ever, there is still a considerable lack of knowledge about the

prevalence of the phenomenon both in the general population

(Hinchcliffe, 1961) and in populations occupationally ey'-'sed

to noise (Coles, 1981), and about the extent and severity of

the disturbance it causes. The aim of this study was to answer

some of these questions by investigating the possible relation

ships between noise, age, hearing threshold and tinnitus.

MATERIAL AND METHODS

The study covered -77 male workers aged between 20 and 59
yaers (mean 38.3 y., standard deviation 7.8 y.) , employed in
tramcar body repair shops. Noise in the working environment was
measured with a BeK Model 2209 Precision Sound Level Meter and
a BeK Model 4428 Dose Meter. The L (A-weighted equivalent
continuous sound level in decibels normalized to 8 hours) as
calculated for each task. For each worker was calculated an in-
dex representing the percentage of accumulated noise dose, com-
pared to a selected reference value (85 dB x 10 years = 100%).
Tinnitus was investigated in all cases with a questionnaire fil
led in by the same interviewer. The questionnaire cont'iined
items aboat tinnitus presence, duration, intensity, frcqucy
of occurrence, annoyance caused, date of onset, date of last
episode, whether or not medical help had been sought. Tinnitus
',,as classified as slight, moderate or severe. Workers reporting
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tinnitus without specification of its characteristics were con
sidered not affected.
The interviewer collected also data on consumption of alcohol,
smoking habits, previous occupational exposure to noise and
non-occupational causes of hearing loss.
After ear drum examination, the hearing threshold was measured
with a 150 -calibrated Amplifon audiometer in a sound-isolated
test room.
The following programmes were used for automatic data analysis
in the description stage:cross-tabulation programme, programme
for calculation of elementary descriptive statistics (mean and
standard deviation), and the programme for constructing frequen
cy distributions. All these are from the SPSS package. For ana-
lysis of the multiple contingency table the GLIM programme was
used to estimate the parameters of the logistic model that was
considered suitable to describe the relationship between tinni
tus, hearing threshold, age, previous and current exposure to
noise. The programmes are implemented on a UNIVAC 1100/80 com
puter at the "Consorzio Interuniversitario Lombardo per la Ela
borazione Automatica"(CILEA).

RESULTS

The 577 workers, whose length of service in the present

job ranged from 0.5 to 36 years (mean 8.3 y., standard devia-

tion 6.3 y.), were exposed to the following noise levels:

33.4% to (2 80) dBALeq, 31.0% to (81-85) dBA Leq 15.9% to

(86-90) dBALeq and 19.7% to (Z91) dBA Le q . Tinnitus was conside

red absent in 71.6% of the workers, slight in 9.1%, moderate

in 11.2% and severe in 8.0%.

Medical help was sought by 27.0% of the cases of slight tinni-

tus by 37.0% of moderate and by 62.5% of severe.

No relationship there was between alcohol and tinnitus, smoking

habits and tinnitus (p, .25).

Prevalence of tinnitus increases with age (p .. 05 test for X
2

trend). However, taking into account the reported date of onset

of tinnitus, the maximum of "incidence" was in the 40-44 years

age class. This result is only suggestive, given the limits de-

pendent on the cross-sectional nature of the study. 41.6% of

the subjects were normally hearing (NH), 33.5% have a noise-in

duced hearing loss (NIHL) and 24.8% have hearing loss due to

other causes (OCI{L) .

Fig.1 show the means hearing loss at different frequencies and

its standard error for subjects without tinnitus, with slight,

moderate and severe tinnitus. The subjects were divided into



24 subgroups using: agel-35 y. or .35; previous exposure yes

or not; noise doseS 35 or> 35; hearing threshold, NH, NIHL,

OCIIL. The percentage of subjects with tinnitus ranged from

8.5% in the subgroup with the lowest level to 32.0% in the sub

group with the highest level of factors considered. Tinnitus

resulted at 5% significantly associated with exposure and hea-

ring loss due to either noise or other causes and not signi-

ficantly with age and noise dose.
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Fig. 1 -Right and left hearing threshold, mean and standard
error (2 x ES). Sibjects without tinnitus (----n.413)
with slight (- - - n. 37) , moderate (---n. 54)
severe tinnitus (-n.40).
33 cases with last episode of tinnitus before 1981
missing.
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CONCLUSIONS

28.4% of the subjects reported tinnitus. This causes moderate

or severe annoyance in 19.2%. Of the 4 variables considered,age,

previous exposure to noise, current exposure to noise, hearing

threshold, the most strongly associated with tinnitus was the

hearing threshold. Of the 164 subjects with tinnitus, 29.8% were

N.H , 43.9% were N.I.H.L. and 26.2% were O.C.H.L.; of the 413

subjects without tinnitus the percentages were, respectively,

45.8%, 30.7%, 23.5%. In the subjects with NH, 18.3% had severe

tinnitus, while in those with HL the percentage was 31.2%. Thus

in the subjects with NH, the cases of tinnitus were fewer and

less severe. There was no significant difference between the

group exposed to a noise doses 35 and -35. On the other hand,

past exposure to noise was associated with a significant increa

se in the number of cases of tinnitus, while the age seems not

to be associated with it. The maximum "incidence" of tinnitus,

estimated in our data, occurs in the 40-44 years age class.

The data collected allow us to conclude that probably the fac-

tors capable of causing hearing damage also predispose towards

tinnitus. Since noise is responsible for a large number of ca-

ses of hearing loss, it should be considered the most relevant

one.
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TOPODIAGNOSTIC PHYSIOGNOMY OF NOISE INDUCED HEARING LOSSES

Quaranta A. and Mininni F.

Department of Otolaryngology, University of Bari, Bari, Italy

INTRODUCTION

Noise-induced hearing loss has been the object of many

research for the study of the most varied anatomo-physiologi

cal and clinical aspects. However, relatively little attenti

on has been paid to the problem regarding the behavioural

pattern of pure-tone topodiagnostic tests. This study takes

this aspect into consideration, using the most recent and

reliable audiological test procedures.

MATERIAL AND METHODS

Subjects: we selected 77 subjects with noise-induced
hearing losses, ranging from 25 to 64 years of age; all
subjects had from 12 to 30 years active service. They were
subdivided into three different groups: 32 railway engine
drivers, 29 metal industry workers and 16 cement industry
workers. For all subjects the length of noise exposure was a
constant factor, equivalent to S hours per day a weekly rest
period of 48 hrs. The subjects had no otological impairment
and the basic hearing test brought to light a typical dip
almost always centered at 4 KHz.

Test procedures: for each single subject we studied the
behaviour of tests for cochlear functions by means of the
measurement both of the recruitment (test of Metz, SISI test
and SISI saturation test) and the elasticity of the cochlear
partition (Remote Masking); for retrocochlear involvement
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(Carhart Tone Decay test, STAT test and the Anderson reflex
decay test); and for central auditory impairment (tonal MLD).
The tests were carried out as described by the single Authors
(Metz, 1946; Carhart, 1957; Jerger et al., 1959; Anderson e±
al., 1969; Quaranta et al., 1978, 1979; Cervellera et al.,
19SO). The SISI test, the Carhart Tone Decay test and the test
of Metz were all carried out at 4 KHz; whilst the Reflex decay
test and the STAT procedure were both carried out at 1 KHz.

RESULTS

Engine drivers (32 subjects): the SISI test was positive

( 70%) bilaterally in 13 cases and unilaterally in 4; the

Carhart test was never found to be pathological (p30 dB), but

it was uncertain (15-25 dB) in 8 subjects. Metallurgists (29

subjects): 9 of these workers, gave normal results; 15 had

a gap reduction (<60 dB) in the test of Metz - bilateral in

11 and unilateral in 4; the contralateral reflexes were

absent in both ears in 1 subject and in only one ear in 3

subjects; as far as decay is concerned, Anderson's decay test

was pathological in 3 case. Therefore, 2 subjects gave con-

traddictory results because both the presence of recruitment

and the abnormal decay. Cement industry workers (16 cases):

the SISI saturation level was found to be<50 dB in 8 of these

workers, which would seem to indicate the presence of recrui-

tment, whereas in 5 other subjects it was unascertainable;

Jerger's STAT test revealed pathological decay in only 4

subjects, one of whom also presented a pathologically reduced

SISI saturation level. Other tests: in 13 (65K) of the 20

subjects taken into consideration Remote Masking values were

inferior to the norm, but only in 2 of these were 4lO dB

which, in our experience, is indicative of cochlear rigidity

typical of severe hydrops in M6ni~re's disease; the MLD test,

carried out exclusively in 22 cases, showed values <7 dB -

inferior limit of the norm for our equipment - in 7 cases



(32%), but only 1 of which had a definitely pathological level

(,5 dB). _-_

Table - Audiological findings in 77 subjects with noise -

induced hearing losses: pathological results.

Subjects N. Recruitment Remote Decay ML
tests Masking tests

Engine
Drivers 32 17 0 0

00U
Metallur -a'
gists 29 15 .- 3 0)_'

LL 0 L

Cement ( " L

Workers 16 8 4 C

TOTAL 77 40 2 7 1

% 100 52 10 9 5

CONCLUSIONS

The topodiagnostic physiognomy of noise-induced hearing

losses (table) is characterized by the presence of recruitment

in 52' of the cases and by the unusual finding (9%) of tone

decay. The fore-mentioned factor was a more direct expression

of noise damage and we found it was linked more to the degree

of the deficit, more than to age and years of active service.

The abnormal decay was an infrequent finding limited to few

individuals and did not seem to depend on excessive exposure

to noise. As far as the extrasensorial structures of the inner

ear are concerned, the results of Remote Masking test seem to

suggest that the harmful action of noise exposure does not

affect the elastic properties of the vibratory elements,

carriers of the acoustic wave. Finally, our studies show

that the noise functional damage is limited to the 1st

neurone, since the MLD's value was almost constantly normal.
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This paper reports a study on noise in a metalworking factory, and an

epidemiological assessment of the effects of exposure to predominantly

impulse noise in workers subjected to harmful sound stimuli. The factory

in question produces support trestles for electricity distribution lines

from steel plates and profiles of carying thickness up to 13 metres long.

The following operations: metal grit blasting; stamping of marks with

pneumatic hammers; tracing and punching; shearing and cutting; punch-

drilling; fly press or hammer bending, are carried out in two large

workshops (about 80,000 m
2
). There is thus a prevalent, ubiquitous danger

of high noisiness, mainly of an impulse and repetitive impulse kind. In a

few areas, the noise may be defined as continuous, though its intensity

and spectrum vary.

MATERIALS AND METHODS

Noise measurement; a Bruel-Kjaer Model 2209 precision phonometer was

employed with a 1" condenser microphone. The impulse time constant was

used for impulse noises, and the slow constant for continuous noise.

Measurements were taken under various operating conditions. The effective

impulse value (RMS) was recorded. The peak signal value was measured in



the case of particularly high impulse levels only to make sure that it

did not exceed 140 dBA.

Subjects: all 324 male workers were examined. They were 19-59 yrs

old (mean 38.3) and had been working in the factory for 1-39 yr (mean 18).

Assessment of effects on hearing: otological histories for each

subject were combined with tonal audiometry (air and bone conduction) on

0.25, 0.50, 1, 2, 3, 4 and 6 kHz, and direct otoscopy. The examination

was epidemiological rather than clinical or medicolegal, so that the

procedures and interpretation criteria were of the screening type.

Examinations were conducted in an isolated, but not totally silent

room some distance from the workshop. Audiometry was performed during

working hours. It was preceded by acoustic repose of at least 60', since

it is felt that the TTS is mostly cancelled during this period (Glorig,

1958). For the purposes of the present study, the data were used solely

to ensure positive differentiation of noise-induced hearing loss from

that due to other causes and normal tracings. The eight classes proposed

by Klockhoff et al. (1972) were employed for the results of screening

audiometry.

RESULTS

- NOISE MEASUREMENTS. Table I summarises these as the range of sound

levels measures at the centre of areas where machines were operating in

the usual way, and as the range of maximum sound levels observed near

the noisiest work stations. Sound levels varied from one area to another,

but were always very high. They formed the typical background of a work-

shop handling average and large steel profiles.

(initial and advanced TAC); those with a defect also covering to a vary-

ing degree the medium and low frequencies (appreciable and advanced

slight noise hearing noise); those with normal audiograms or hearing

losses of another type

It can be seen that only 28.1% were free from hearing defects as-



cribable to exposure to noise, and that as many as 34.8% (113 persons)

were suffering from hearing loss. No significant difference was observed

between impulse and continuous noise as a cause of hearing defects. To

obtain a correct evaluation of the influence of the duration of exposure
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to such intense noise, 142 workers exposed to this noise only were di-

vided into 3 classes based on length of exposure to eliminate the influ-

ence of previous periods of exposure (Table 3).
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The local prevalence rate was calculated to provide data that could

be compared irrespective of the number in each class. There was a preva-

lence of 38.9% of persons with normal hearing among those exposed for

periods of up to 10 years. 'his figure gradually decreased, and 57.17$ of

those exposed for 20 years presented a noise-induced hearing loss.

DISCUSSION AND CONCLUSIONS

The audiometric tracings showed a very high frequency of noise-

induced hearing defects (71.9%, with hearing loss in 34.87). It could be

objected that the results are too high because the examination was not

carried out in a silent room, and only 60' after leaving the workplace,

owing to a threshold shift. Account was taken of this point by cali-

brating the audiometric tracings to meet the examination conditions.

From the interpretative standpoint, wide diagnostic categorits were

whosen to avoid mathematical evaluation cf the audiometric profile, since

this would not have been appropriaite to the prin ciples and methods o.

epidemiological investigation. It was als.) found that more than 90,7 f



those exposed to the noise of this factory alone displayed a hearing

defect after 11 years of exposure, and that 57.1Z presented a hearing

loss after 20 years.

In conclusion, this study underscores the seriousnes of the risks

associated with noise even in factories were such noise is primarily

impulsive.
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SAMPLING METHODS AND MEASUREMENT OF IMPULSE NOISE

Ritterstaedt, U., Med. Inst. of Fnv. Hygiene, Duesseldorf, West Germany
v.d._Berg, R., Research Inst. for Env. Hygiene, Delft, Netherlands
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ITRODUCTION

The Field Stuny reported here formed part of a Commission of European

Communities project to investigate the effects of impulse sounds on
human beings. The study was carried out in parallel with a laboratory

study which investigated the annoyance of imoulse sound in the
laboratory. The overall obJective of the project was to compare the

annoyance of imnulse and non- impulse sounds at the same level,
exrressed in !..Ae, ,ird to determine whether any a, ustment to the

impulse sound is necessary in order to equate it to the non- impulse
sound. The study was therefor designed to determine:
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2. segregation of dwellings within the areas into separate noise
zones;

3. specification of procedures to obtain data to be used to
describe the noise environment;

4. detailed characterisation of noise environment within zones.

Because of the particular difficulties encountered in obtaining data

from impulse sources which produce sounds of extremely short duration,
which are often intermittent, whiich may be audible for only short
periods of a day and which may not occurr daily, special measurement
techniques were developed. These techniques sre described in this

paper.

SOURCES

Different sources were investigated: pile driving, scrapyards, drop-

hammers, shunting yards, shooting ranges (civil and military), and ship-

building yards. The study was carried out using the same methods in 4
European countries: France, Ireland, The Netherlandp, and West Germany.

MEASUREMENTS

The measurements took place in two stages:

1. Selection of zones within an area surrounding an impulse noise

source with at least a difference of 5 dB between zones.
Criterion: LAFmax of a representative series of impulses (fast

response reproduces the shapes of the pulses best).
A minimum of three zones must be available within
any area.

2. Characterisation of zones.

Criterion: LAeq,24h of the total noise load for 3 days.
First day with a read out of LAeq each minute.

Equipment: B&K 4426, slow response, 10 Hz sampling rate.
Slow response reproduces true LAeq best.

To reduce measuring time, a long- term measurement was made only in

the loudest zone. In all other zones, concurrent tape recordings of 15
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min. duration were taken. It was hoped to eva]i;te a represent%*ive
LAeq from these recordings.

ANALYSIS

Data analysis was performed as follows:

time history of LAeq (I min.) over 24 h (see fig.1)
time history of LAeq (15 min.) over 24 h (see fig. 2)

time history of LAeq (i h) over 2 days with some hourly
percentiles (see fig.3)

Tape analysis: LAeq (15 min.), slow response, separate analysis of LAeq

(impulses) and LAeq (background). The identification and the switching
were subjective (i.e. under control of the operator carrying out the

analysis).

To characterize the impulsiveness, "emergence" was defined as:
LAeq (impulses) - LAeq (background) (subjective) (see fig. 4)
LAI% - LA95% over 15 min. (statistical) (see fig. 5)

Further LAI - LAS was derived. (see fig. 6)

At a high repetition rate the first method cannot be used. A median

single event level, LAx, for single impulses was also measured. When
high emergence (10 dB or more) out of the LAeq (15 min.) occurred, a

representative LAeq (24 h) was derived from the tape recordings. In
other cases an estimation was made of LAeq (24 h). If the impulses were
irregular, a monitoring period of 15 min., or even 3 days, for the long-
term measurements, may be too short. In future studies, different

measurement methods should be considered.
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USE OF SNOW-MOBILES AND HEARING LOSS AMONG REINDEER HERDERS.

Sorri, M., Sipil6, P., Piril, T. and Karjalainen, H.

Department of Otolaryngology, University of Oulu, Oulu, Finland.

INTRHDUCT ION

There are few reports suggesting a noxious effect of snow-mobile noise

on hearing (Bess and Poynor 1974, Baxter & Rjskjaer 1979). In the present

paper the effect of snow-mobiles, which have been used for less than 20

years in the northern parts of Finland, was examined among people who -

otherwise have had rather limited noise exposure.

MATERIAL AND METHODS

Three of the authors (M.S., P.S. and H.K.) accompanied by an audio-
metrician made a journey through Lapland during which altogether 338
reindeer herders, 331 men and 7 women with a mean age of 41.2 years (S.D.
12.0; range 16-79), were examined. The otologic history was taken and an
otolaryngological clinical examination was per-Foried The audiometry was
done by means of a Madsen TBN 85 audiometer in a sound-treated cabin which
was built into a caravan van. Both AC and BC thresholds were measured. The
subjects had not been exposed to noise during the day of the examination.

RESULTS

Audiometry results of 334 subjects are available for analysis. Of

them, 54 right (16.2 %) and 55 left (16.5 %) exhibited a hearing loss of

class 1I\ in the Finnish classification for occupational hearing screening.

Briefly, class IV means a PTA worse than 20 dB and quite a marked high

tone loss. The mean thresholds of the whole material are shown in fig. 1.



Fig. 1 - Mean AC thresholds of 334 reindeers herders, thresholds exceeding
maximum output of audiometer excluded.

The snow-mobile seemed to be the most prominent exposer followed by

shooting. The amount of snow-mobile use rised up to the age of 50 years

of age (fig. 2). The older men had also some other occupational noise

exposure as well as noise exposure during World War II in their history.

Fig. 2 - Use of snow-mobile versus age among 334 reinder herders.

Table 1 - Noise exnosure among 334 reindeer herders.
Mean S.D.

Snow-mobile 10 109.6 (hours) 6 469.1
Motor-driven saw 1 550.6 (hours) 2 508.5
Outboard motor 1 771.3 (hours) 1 005.3
Rifle 1 441.0 (rounds) 2 747.5
Shotgun 2 281.7 (rounds) 1 690.8
Pistol 1 063.7 (rounds) 1 660.3

When subjects over 50 years of age, having used a motor-driven saw

over 1000 hours, having used an outboard motor over 1000 hours, having

shot over 1000 rounds and/or having suffered from ear diseases were exclud-

ed, only 56 subjects were left. Even in this small material the highest

correlations with hearing loss were found for age and snow-mobile use.

Only 109 (32.8 %) of the subjects used hearing protectors regularly

when driving the snowmobile while 181 (54.2 %) never used them. When the
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hearing losses were analyzed in a purified material (see above) the use of

motor-driven saw being over 1000 hours, however, an almost significant

difference (pAO.05) was found between the regular users and the non-users

in the left car (fig. 3). Most of the users were 22-32 years of age.

Fig 3 - Mean Ac thresholds and use of hearing protectors among 41 reindeer
herders; solid line = regular users, broken line = non-users;
a) right ear, b) left ear.

CONCLUSIONS

The amount of hearing losses in this material was quite remarkable and

also the mean thregholds were worse than expected (Draft International

Standard ISO/DIS 7029). The figures of ISO may be irrelevant for this po-

pulation living - until lately - in an almost silent environment. Unfortun-

ately mean hearing thresholds for Lappish people do not exist.

The noise exposure levels caused by snow-mobiles used in work have been

measured to exceed 100 dB(A) (Anttonen 1982). In our material, the correl-

ations between the use of these vehicles and hearing loss were quite clear.

Such a correlation has been suggested also in earlier reports both for

hunters (Baxter and R~jskjaer 1979) and racers (Bess and Poynor 1974). The

probability of snow-mobile as the cause of a hearing loss is confirned by

the fact that by efficient hearing protection during driving the grade of

hearing loss was significantly diminished in the left ear.

A more pronounced hearing loss in the left ear, on one hand, and a

more favourable effect of hearing protection in that ear, on the othee,

are quite interesting. Lately, a more pronounced susceptibility to noise

397



in the left ear has been nroposed (Chung PL al. 1983). Furtherre, in a

material of healthy young adults the left ear has heen shown to be worse

than the right one (Riihikangas et al 1982).

The use of hearing protectors was alarmingly scanty. The better use

among younger men was obviously due to more positive attitudes. Very often,

however, the use of cup-type protectors was complained to be impossible

because of danger of freezing of the face in the cold and windy conditions

of Lapland. The in-the-ear protectors, on the other hand, are rather im-

prcatical to be used with hands soiled by oil which seems to be a rule

when using a snow-mobile.

In conclusion, quite a few cases of hearing loss obviously caused by

snow-mobiles, were found in the material consisting of Lappish reindeer

herders. The left ear seemed to be more affected and also more susceptible

to noise trauma when unprotected.
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THE TOTAL-ENERGY AND EQUAL-ENERGY PRINCIPLES IN THE CHINCHILLA.

Ward, W.D., Turner, C.W. and Fabry, D.A.

Department of Otolaryngology, University of Minnesota,
2630 University Ave. S.E., Minneapolis, MN 55414, USA.

INTRODUCTION

The simplest expression of a "total-energy" theory would be that the
mean auditory damage D. measured in some specified manner, caused in
originally-normal ears by exposure to acoustic stimuli, is some monotonic
function of the amount of energy E that has entered the ear over the
lifetime of the individual, or

D= f(E).1
No one seriously espouses this proposal, because it is clear that the
spectrum of the noise exposure is a relevant factor. Therefore the most
general energy principle that has received any support is the "total-A-
weighted-energy" theory (TAWET) in which A-weighted is is applied to the
energy reaching the ear, or

= f(EA) = ffP 2 (t)dt

The main a priori objection to the TAWE is that the temporal pattern
of the noise exposure is presumed to be unimportant. It is known that the
auditory fatigue produced by a given exposure energy is reduced when the
exposure is intermittent; reasonable grounds for believing that a similar
phenomenon may not occur in the development of permanent damage have never
been advanced. One can therefore reasonably expect that if the TAWET has
any validity at all, it would apply best to one particular temporal
pattern--or perhaps one should say lack of temporal pattern--specifically,
to single con-+muous (uninterrupted)-exposures.

Only Kraak (1982) seems to seriously support a TAWET, and then only
for impulse noises of high intensity and short duration; although all his
empirical formulas do ignore temporal pattern, he believes tnat the
evidence for ordinary moderate noises supports the total-A-weighted-
pressure theory (TAWPT), viz. T

D. = ffp (t)dt
Somewhat less pretentious than the AWET or TAWPT, the equal-A-

weighted-energy theory (EAWFT) does not ignore temporal pattern
completely. Instead, it postulates that for a particular temporal pattern
of noise Rnd quiet the damage will be a function only of the energy in the
noise exposures. The temporal pattern of most practical interest is of
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course the workweek of 8 h/d, Monday through Friday, and so what has often
been carelessly called "the" equal-energy theory is actually the equal-A-
weighted-daily-energy theory (EAWDET). Although, as a rule, those who
promote the EAWDET fail to state precisely the assumptions embodied in
their theory, the most widely touted principle, as evidenced by its
adoption by ISO (ISO/1999), postulates that the temporal pattern within
the workday is irrelevant, so that S"2

YTP iI fp ) A (t)dt.

PROCEDURE

The present research has utilized the chinchilla to test the validity
first of the TAWET and then of the EAWDET. Monauralized chinchillas are
given various exposures, and both change in behavioral threshold (PTS) and
hair-cell destruction are measured, using standard techniques. In order
to avoid the question of the appropriateness of A-weighting, we use only a
single spectrum of noise: a two-octave-wide band of noise from 700 to 2800
Hz.

EARLIER RESULTS

The results of studies using single uninterrupted exposures are shown
in Fig. I (Ward et al., 1981). Percentage of destroyed outer hair cells
is shown as a function of the SPL of the noise; exposure duration is the
parameter. Solid lines connect exposures of constant duration, and the
dashed line connects data from exposures of the same energy. That the
total-energy theory holds, within limits, for these single continuous
exposures, is shown more clearly in Fig. 2, in which the OHC loss is
plotted as a function of the exposure in joules/m (the integral of
intensity over time). Excluding those exposures that involved sound
levels of 114 dB or above, which produced more damage than would be
nredicted from the other data, presumably because some critical point has
been exceeded so that damage is due primarily to direct mechanical action
(acoustic trauma) rather than to slower biochemical processes, it can be
seen that results support the TAWET, the percent destroyed hair cells
being given by %DOHC = 7E/25. So when the auditory system is given no
opportunity to recover (apart from a no-oftener-than-daily 20-min period
during which threshold shifts are measured), damage is indeed determined
by the total energy of the exposure. The OHC destruction doubles for each
four-fold increase in energy--i.e., if duration is held constant, then the

damage is proportional to the pressure, as Kraak proposed. (However, his
TAWPT theory is incorrect, because damage is also proportional to the
square root of exposure time.)

However, if considerable recovery is permitted between noise bursts,
the damage is reduced. This is shown by the filled circle on Fig. 2,
which indicates the destroyed OHC count when the exposure consisted of 22
10-min 114-dB noise bursts over a period of 11 weeks (i.e., two per week)
instead of a single 220-min exposure at 114 dB (the open circle that is
connected to the filled circle by a vertical line): instead of 20% OHC
destruction, only 4% were destroyed. So the total-energy theory cannot be
used in its most general form.
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Having established that the TAWFT is correct for single exposures but
not for repeated ones, we now are attacking the FAWDET. The first
experiment, reported earlier (Ward et al., 1982), compared the effects of
9 weeks of exposure for 8 h to 92-dP noise on Monday through Friday
(9x5x8=360h) to those produced by the continuous 360-h (15-day) exposure.
Results (the filled squares in Fig. 2) showed that the damage was reduced
by a factor of two, again implying that the TAWFT is incorrect.
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Fig. I - Median percent destroyed outer hair cells in groups of
chinchillas given single exposures to various levels of 700-2800-
Hz noise. Fxposure durations are indicated by the following
symbols: diamond, 22 min; circle, 220 min; erect triangle, 2200
min (1.5 days); square, 15 days; and inverted triangle, 150 days.
Group interquartile ranges are shown for the 15-day data.

MOST RECENT RESULTS

Whether or not the EAWDET is usable was addressed by the latest
exposure. Instead of 36 h of continuous exposure at 102 dB (equal of
course to 360 h at 92 dB), Group 66 animals were exposed for 48 min per
day, Monday through Friday, for 9 weeks. If the EAWDET is correct, the
same damage should be produced as by the same pattern of 480-min exposures
at 92 dB.
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Fig. 2 - Relation between median outer-hair-cell destruction and total
energy of the exposure. Single continuous exposures are
indicated by open symbols, interrupted exposures by filled
symbols.

The filled triangle in Fig. 2 shows that this was indeed the case.
Again the damage was reduced by a factor of 2, which can be regarded as a
reduction in effective level of 6 dB. Figure 3 shows the distribution of
number of destroyed hair cells for all individual animals in the relevant
continuous-single vs. daily exposures. The scatter of points obviously
implies that it would have been desirable to have more animals per group,

but the data clearly indicate that as a first approximation, 45 daily
exposures produce less damage than a concentrated single exposure
(dividing animals at 500 DOHC, single exposures produced a greater
proportion of losses above this figure then did the daily exposures,
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significant by chi-square at about the .02 level), and that it makes no
difference whether the daily exposure was for 480 min at 92 dB or 48 min
at 102 dR.

SINGLE WORKWEEK
2000- CONTINUOUS EXPOSURES

1500- EXPOSURES x _
Fig. 5 - Scattergram of

1000 X _ individual values of

X K Kdestroyed OHC for animals

0 X given steady (groups A
0 x 9 14 and B) or interrupted

O 500 - x x (work-week; groups C and
W X 2 8 - D) exposures to 700-2800-

- Kx Hz noise. Total energy of
0
c 300- - each exp 9 sure was 2100

joules/m-.
(n 200 x _w

150 x -

S I I I

15D 1.5D 45D 45D

92dB 102dB 8 H/D 0.8 H/D
t( n ) 92dB 102dB

DISCUSSION

These results, therefore, provide some support for the FAWDET and
consequently for the use of the 3-dB-per-halving trading relation between
intensity and time utilized by ISO/1999, rather than the 5-dB-per-halving
adopted by FPA for assessing industrial noise exposures. Note, however,
that only a single uninterrupted exposure was given on any day. Whether
breaking each daily 48 min of 102 dB down into 10 4.8 min noise bursts
separated by 48 min of quiet will provide a significant reduction in
damage will be tested in the next group of animals; if not, then the
conclusion is unavoidable that, at least in the chinchilla, the FAWDET is
a viable principle. In that case, the ISO 3-dB trading relation of equal
energy should be adopted by regulatory agencies unless it can be shown
somehow that the chinchilla is completely different from man in this
respect.

There is, however, some evidence that man benefits more from
interruptions in the noise than does the chinchilla. This is underscored
in the present case by the course of recovery from TTS (or CTS) displayed
by these animals. Although the maximum TTS immediately after exposure, at
2 and 4 kHz, was only about 30 dB, a value from which humans nearly always
fully recover in 23 hours (especially when the exposure wps short but
intense), the chinchillas showed only slight recovery even after a full
weekend away from the noise. Figure 4 shows the course of the average
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TTS, over the 9-week exposure period, measured immediately after the daily
48-min exposure and after a weekend of recovery. It can be seen that
although the TTS at 1000 Hz disappears over the weekend, the TTS at 2000
Hz drops only from 30 dB down to 15 dB, and at 4000 Hz there appears to be
little recovery at all.
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Indeed, even the 40 days of quiet following the final 48-min exposure,
before sacrifice, produced little recovery, as shown by Fig. 5. Here are
displayed the average CTS audiograms immediately after exposure and after
a weeKend of recovery, and the PTS existing at the end of the experiment.
The top panel shows the 48-min-daily-exposure group, the lower panel the
480-min group. In both cases, recovery beyond a week or so after
completion of exposure was essentially nil. Reservations as to the
applicability of the present results to man are therefore justified.

The irrelevance of the maximum TTS that the animals had experienced to
the development of PTS is also shown by the fact that although the single-
continuous exposures produced drastically higher ATTSs than the daily
exposures (60 dB vs. 30 dB), the PTSs were essentially equivalent.
Indeed, the PTS produced by 45 48-min exposures at 102 dB was slightly
greater than that generated by the equivalent single-continuous exposure,
even though the hair cell destruction was smaller. The lack of a clear
relation between PTS and OHC destruction was confirmed by comparison of
individual PTSs and OHC counts; correlations were not significantly
different from zero, as earlier results from our laboratory and from all
others employing chinchillas have indicated rather unequivocally. Noise
produces hair-cell damage and PTS, but it is apparently not the case that
hair-cell damage produces PTS.

CONCLUSIONS

Studies of hair cell damage produced in the chinchilla by daily

41 4



30-
GROUP D

20 / N Fig. - Median threshold
/ shifts at the major test

frequencies immediately after
t0 the daily exposure (thin solid

m /lines), after a weekend of

recovery from 5 days of
0 . 1repeated exposure (dashed

IL lines) and 5 weeks after
cessation of-exposure (heavy30 - solid lines). The upper panel

_J GOU shows data for 48-mmn daily
0 exposures at 102 dB SPL, the

20 - lower panel analogous data for
W 480-min 92-dB exposures.

10 -

0 - ACKNOWLEDGMFNT

This research was supported by

-10 - NIH Grant NS 12125.
I I I I

.25 I 2 4 8
TEST FREQUENCY (kHz)

exposures to noise indicate that a significant reduction in effect is
produced relative to the damage produced by a single continuous exposure
whose length equals the total of the daily exposures. Therefore the
total-energy theory is not applicable to ordinary real-life situations.
However, equivalent damage was produced by daily 480-min 92-dB and 48-min
102-dB exposures, which supports the equal-energy theory. Whether or not
interruptions of exposure within the workday will provide additional
amelioration of effect remains to be determined, as does the question of
the appropriateness of the chinchilla as a model, in view of the fact that
even moderate values of temporary hearing losses recover much more slowly
in the chinchilla than in man.
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Communicating in Noise, 1978-1983.

J. C. Webster

Communications Research Dept., National Technical Institute for the
Deaf, Rochester Institute of Technology, Rochester, NY, USA

INTRODUCT ION

To set the stage for a review of the English language litera-

ture in the field of communicating in noise in this, the Fourth

International Congress of Noise as a Public Health Problem, I would

like to review the treatment of this subject for the first three

conferences in 1968, 1973 and 1978. The 1968 conference was finan-

cially supported by the U.S. Public Health Service and sponsored by

the American Speech and Hearing Association (ASHA) through the asso-

ciate secretary of ASHA, W. E. Castle who is currently the director

of the National Technical Institute f or the Deaf in Rochester, New

York. The five-man project committee were all audiologists and/or

psychoacousticians and included 1. J. Hirsh who was also gave the

summary of one of the five "panel" sessions. Dr. Hirsh is currently

the director of research at the Central Institute for the Deaf in

St. Louis, Missouri. Three papers were given in the general field

of communicating in noise; one by 3. M. Pickett currently the direc-

tor of the Sensory Communication Research Laboratory at Gallaudet

College in Washington, DC; a second by J. Flanagan (of the Bell

411



Telephone Laboratories) and H. Levitt, currently director of the

Graduate Program in Speech and Hearing Science at the City Univer-

sity of New York; and the last by your speaker, J. C. Webster. I an

taking all of this time to identify the names and institutions

involved in the communication-in-noise-panels of the 1968 conference

before I add that not one mention was made of 1) the effect of noise

induced hearing loss on the perception-of speechor 2) the possible

interaction of hearing-impairment and listening in noise. For

details, see Ward & Fricke (1969).

The fact that the second congress even happened was due in part

to a breakfast meeting of Dr. W. Dixon Ward, Dr. Jerry V. Tobias and

Dr. J. C. Webster in Denver, Colorado at the fall meeting of the

Acoustical Society of America in 1971. The establishmnent of the

Environmental Protection Agency's Office of Noise Abatement and Con-

trol and the passage in 1972 of Public law 480 (on noise control)

assured the financial success of the 1973 Dubrovnik Congress. Did

the subject matter of communicating in noise change? Your speaker

was again fortunate enough to be on the program planning committee

and although the number of "speech" papers remained at three the

interaction of listening in noise and hearing impairment was finally

"admitted into evidence". In my summary paper Webster (1973), 1

cited the work of Tillman, Carhart and Olsen (1970), and said

".results show both a hearing deficiency penalty and an equipment-

imposed (hearing aid) penalty... .when listeners are placed in compet-

ing message listening conditions... .bad news for people incurring

noise-induced hearing losses... .they have more difficulty... .in

cocktail party environments (and) cannot look forward to a hearing

aid to help equalize their... .disadvantage." Tobias and irons (1973)



devote one section of their paper on learning the "Reception of Dis-

torted Speech" to "Non-Normal Hearing" and say that, "the hard-of-

hearing person may have a greater problem of learning to understand

distorted speech than the normal-hearing listener..." and suggest

that ". .. .the results of some audiametric tests of the ability to

understand speech that is immnersed in noise may be more a function

of learning than of hearing." The third paper, Kuzniarz (1973), is

entirely on hearing lose, speech intelligibility and noise. He con-

cludes by noting that "....since 1968 the extent of NIHL (noise

induced hearing loss) has been tentatively estimated in my country

(Poland) on the basis of mean hearing loss at frequencies of 1,000,

2,000, and 4,000 Hz, as being the most important for speech intelli-

gibility in everyday conditions."

At the 1973 Congress the formal structure of teams was set up

to coordinate or at least keep the information flowing among

researchers throughout the world in specialized areas of noise as a

health problem. Team 2, Noise and Communication was co-chaired by

J. C. Webster & J. J. Kuzniarz. The latter subsequently resigned.

one of the major tasks of the teams was to organize the presentation

of papers at subsequent congresses.

In this manner the choice of subject matter was determined by

what research was being done and the interests and organizing abili-

ties of the team chairmen. At the 1978 Congress, Pearsons (1980)

sumarized the work in the field of noise and comunicatiom since

1973. He divided the subject into four parts; speech level measure-

ments, speech perception by the aged and bard of hearing, intelligi-

bility test developmnent, and noise measures for assessing speech

interference. Two other subject matter areas vere covered by paper.



at the congress; 1) group hearing aids and 2) the effects of wearing

hearing protectors on the perception of speech and warning sounds.

Of the six invited papers published in the Proceedings, see Tobias,

Jansen & Ward (1980), three dealt with interactions between hearing

impairment and listening in noise. Most of the poster papers, not

published in the Proceedings, dealt with this subject and have sub-

sequently come out in other publications. The majority of these

originated from the Netherlands and form the basis for the classic

paper in the field Plomp (1978) entitled "Auditory handicap of hear-

ing impairment and the limited benefit of hearing aids". I will

devote a considerable proportion of my time discussing this paper

since it proposes a theory of the interaction between hearing

impairment and permissible levels of noise for both unaided and

(hearing) aided speech reception.

It would appear then that over the 15 year span of these spe-

cialized congresses the inherent interest of the originators in 1968

has been fulfilled. In 1983, fifteen years after the first confer-

ence, the original organizer/participants are either directors of,

or directors of research, at, the major institutes for deaf educa-

tion in the USA and none are any longer active in organizing these

congresses. Yet the most devastating aspect of noise is the limita-

tion it puts on cosuunicating and it affects hearing-impaired people

to a much greater extent than it affects normal hearing people. It

imposes extraoridinary noise control problems for any room, meeting

place or auditoria where hearing-impaired and/or deaf people ass-

ble. The problem is now being actively pursued by well qualified,

multidisciplinary scientists around the world. Just fifteen years

ago these same scientists, or their mentors, were researching normal
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hearing people almost exclusively even in laboratories associated

with institutes for the deaf. I would like to think that these con-

gresses and the teams of people who have originated them and kept

them going can take some credit for focusing psychoacoustic noise

research into speech perception problems of the hearing impaired.

MEASUREMIENT METHODS, Physical

From time immemorial there have been two methods of determining

how intelligible speech is in noise, called 1) objective or physical

methods and 2) subjective or psychophysical methods, i.e., using

human subjects as listeners. Progress has been made on both in the

last five years. The oldest and most used or at least most dis-

cussed physical method is the Articulation Index (AI) first proposed

by French & Steinberg (1947), modified by Beranek (1947) and

Fletcher & Galt (1950), standardized by Kryter (1962a; Anon, 1969)

and validated by Kryter (1962b) and questioned by about everyone,

see in particular Licklider (1959). The major attempts to expand

the usefulness of the Al during the last five years have been to

include the hearing level (loss) of the listener as part of the

noise (see Braida, Durlach, Lippmann, Hicks, Rabinowitz & Reed,

1979; and Skinner & Miller, 1983) and/or to account for the general

proficiency of the listener (see Dugel et al., 1980; and Pavlovich,

1982). Skinner and Miller (1983) state, "When the frequency-gain

characteristics and maximu power output of a (master hearing-aid)

are set to shape the speech spectrum (at the most comfortable lis-

tening level) within each (of 7 sensorineural) listener's auditory

area, they all obtained the highest score for (Pascoe (1975))

words.. in quiet and in speech shaped noise with (a 4.5 vs a 3.5,

2.5 or 1.5 octave) bandwidth (centered at 1280 Hz)." The results

were well correlated, 0.77 - 0.90, with the Al.
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Dugal et al., (1980) state, "... the proficiency factor... was

used merely as a fitting constant (nevertheless) there are ample

precedents ... (and) it is possible that some of the negative

results... (with) impaired listeners have resulted from a failure to

consider (it)...." Pavlovich (1982) found "that the proficiency

factor is not frequency independent .... it is substantially reduced

for frequencies where hearing threshold is elevated."

Also in the last few years Bowman (1974, 1978) has criticized

the use of the multiple correction factors introduced by Kryter

(1962a) into the Al calculation scheme and suggested returning to

"first principles."

Two different approaches have been taken. Steeneken and Hout-

gast (1980) sutaarize their work from 1971 on in the de.'elopment of

a new principle called the Speech Transmission Index (STI). They

operate on the speech envelope as opposed to the frequency-intensity

domain and have developed a Modulation Transfer Function (MTF) for

predicting speech intelligibility from physical measures. Steeneken

and Agterhuis (1978) have developeli an instrument to determine the

STI using Artificial Signals (STIDAS). Over the last five years

they and their colleagues have generalized the use of the NTF to

calculate the STI for rooms of various size and shapes, see Hout-

gast, 1981; Houtgast, Steeneken and Plomp, 1980a, 1980b; and Wattel,

Plomp, van Rietschote and Steeneken, 1981. The STI accounts for

many factors which may be considered noise as far as speech intelli-

gibility is concerned, in parlicular non-linear distortion and

reverberation. The STI and NTF are very valuable tools and we at

these Congresses are fortunate to have been kept up to date on their

development and use by the cochairman of this team on Noise and Com-

munication, Dr. Tammo Houtgast.
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Another approach to account for the effects of reverberation on

speech intelligibility, especially in large rooms or auditoriums,

has been developed by Lochner & Burger (1958, 1959, 1960, 1961,

1964). They assume there are beneficial reflections (up to 95 msec)

that add to the intelligibility of speech. They called this

approach the signal-to-noise ratio, usually abbreviated S/N. The

novel additions to the usual S/N is that S contains both the speech

that arrives with no reflections plus any reflected speech arriving

within x milliseconds. And the N includes ambient background noise

plus speech that arrives at any time greater than x milliseconds.

Lochner and Burger say x equals 95 milliseconds. Latham (1979) in

an extensive review (119 refs), proposed a modified version of the

S/N where "ambient noise is no longer considered in terms of its

steady state characteristics but.., in terms of its transient and

spectral characteristics given by the concept of the Li0 PNC

(Preferred Noise Criteria; Beranek, Blazier and Figurer, 1971)

level." Latham (1979) also cites many other references who have

differing ideas on the value, in millisecoqds, of the benificial vs

the detrimental reflections on the speech. Quoting from Latham,

"For detrimental reflections Niese (1956a, 1956b, 1957) proposed 33

msec, Thiele (1953) and Meyer & Thiele (1956) proposed 50 msec while

.)chner & Burger proposed 95 msec. In contrast, Mankovsky (1971)

and Kuttruff (1973) imply that all reflections may be detrimental to

speech intelligibility resulting in a detrimental limit of 0 msec."

Thompson, Webster & Gales (1961) also note that "... live speech was

less intelligible and less preferred." where liveness includes

'reverberation time and distance between the sound source and lis-

tener."
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Fig. 1 - Relationships anong ambient noise levels, distances between
comn unicators and vs-ice levels of talkers for satisfactory speech
communication in typical enclosed spaces. Although any voice level
can be used, in general talkers will unconsciously raise thier voice
levels as noise levels, distances between communicators and/or the
importance of their message(s) increase. Adapted from Beranek

(1947b, 1954), Botsford (1969) and Webster (1969, 1973, 1979).

Before finishing my remarks about physical methods of evaluat-

ing the effects of noise on communicating, I should use my paper to

this congress, as I have at all previous congresses, to present

and/or update my latest Speech Interference Level (SIL) chart.

After it was used as the basis for an American National Standards

Institute (ANS!) standard in 1977 (see Anon. 1977) it was evaluated

and found generally acceptable by Waltzman and Levitt (1978) and its

general weaknesses pointed out by Houtgast (1980). The latest

revision of the chart is shown in Figure 1. Revisions include: (1)

a range of relaxed, normal and raised voice levels to reflect dif-

ferences in private conversation and public communications based on
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data of Houtgast (1980); (2) a different rate of fall off of speech

level with distance based on typical reverberant room characteris-

tics instead of on a free field, based on Beranek (1954); (3) equi-

valent noise level floors for living rooms, classrooms, and audi-

tions based on reverberation, see Houtgast (1980); and (4) a down-

ward (-3 dB) shift of the voice level reference lines at one meter

to account for the differences in rms SPL and dB(A) as recently

reiterated by Steeneken and Houtgast (1978).

MEASUREMENT METHODS, Psychoacoustic

Since my time and your patience is running out in this review,

let me cover one major topic, development and advances in the state

of the art of speech discrimination and discrimination testing by

essentially begging the question. In 1972, I put together a compen-

dium of speech tests, Webster, 1972. Berger (1977) supplemented the

listing of speech audiometry materials and two extensive reviews of

the subject have come out since 1978. Edgerton and Danhauer (1979)

have 90 pages on nonsense syllables tests including about 225 refer-

ences and Mackie and Dillon (1982) have 106 pages with about 350

references on word tests. About a quarter of the references overlap

and about 8 percent are in the time-frame 1978-1983. So anyone

interested in this (these) subject(s) has four very exhaustive com-

pendia and/or reviews covering at least 500 references of which

about 35 cover the five year time span since our last congress. The

most novel advances concern the statistical properties of test con-

struction, see Raffin and Thorton (1978), Dillon (1982), and Walker,

Byrne and Dillon (1982). One concludes a binomial distribution

describes speech discrimination test scores, an efficient test

should have equally difficult items and be designed for an 80 per-



cent score, and don't assume that closed-set responses eliminate

learning at least on nonsense syllable tests.

Other approaches to test efficiency have been advanced by Plomp

and Mimpen (1979) and Sargeant, Atkinson & Lacroix (1979). A myriad

of work has come from the Netherlands since 1978 and I will assume

Plomp, Houtgast and Smoorenburg who follow me on this program will

cover their and their colleagues' materials.

At the last congress, Pearsons (1980) described the development

of the Speech Perception in Noise (SPIN) test, see Kalikow, et al.,

1977. Elliott (1979) has found that the difference in the percep-

tion of the same key word in sentences of high and low predictabil-

ity develops as a child reaches linguistic maturity at age 15 to 17.

Anna Nabelek who also follows on this program verifies experimen-

tally many of the theories the Netherlands gang proposes and gener-

alizes some of the findings of Elliott.
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LITERATURE REVIEW 1978-1983 IN GERMAN LANGUAGE ON NOISE AND
COMMUNICATION.

Lazarus, Hans

Bundesanstalt fUr Arbeitsschutz und Unfallforschung,
Dortmund, Federal Republic of Germany.

INTRODUCTION

Research on the disturbance of verbal communication and the

disturbance of recognizing alarm signals in noise has been

conducted from many different angles. Further, problems are

taken up which are presented in the literature as well as the

standard problems.

The essential part of the disturbance of speech intelligibil-

ity in noise results from the masking effect of the noise.

Speech as well as noise in everyday life are fluctuating

temporal sounds. Fundamental research on the masking of

fluctuating temporal noise was carried out by Zwicker (1982)

and Fastl (1982).

Research on sensorial discrimination of information-carry-

ing sound was carried out by Spreng (1981). For the decoding

of speech, above all, the dynamics of hearing is decisive

(Spreng 1983a). Not only are formant frequencies differen-

tiated and discriminated rapidly (300 ms), the transients,

changes in intensity and frequency are also evaluated during

the flow of speech.

Verbal communication is necessary in the home, in the en-

vironment, on the job and in education. On the job, e. g.

in factories, recognizing alarm signals is also of prime



interest. In recent years attempts have been made to deter-

mine the influence of speaker, hearer, distance and noise,

as well as to establish standards for these dimensions.

Communication is influenced by other factors, e.g., by the

wearing of ear protectors, by secondary task and by hearing

loss. People who are occupied in noise over a long period

of time can be impaired in two different ways. Noise can

cause deafness, on the one hand, and lead to disorders of

voice because of the necessity to speak loud, on the other.

Both lead to an impairment in communication.

The very extensive research involving the analysis of speech

for voice and speech recognition, and the research on the

synthesis of speech with a computer will not be handled here.

AN UNIFORM CONCEPT FOR THE MEASUREMENT AND ASSESSMENT OF
NOISE.

An attempt has been made in recent years to come to an

uniform concept for measuring and assessing the effect that

noise has on people. This attempt deals with measurement and

assessment in a multitude of homes (from inside and outside),

places of education and in working areas (Lazarus 1977).

With the aid of this concept, sound level can be measured

and assessed with the same procedure, independent of the

source of noise, place, type of activity and the strength of

the noise level. The rating level (L r) determined like this,

can therefore be compared with other rating levels. Also,

an easy comparison with established limiting values is possible.
The principle of measurement and assessment reads as follows:
- The place of measurement is stationary.
- The following will be determined (according to DIN 45645,
parts 1 and 2).
- The A-weighted equivalent-energy continuous noise level

(L q= L A
- Correction for the impulsive noise (K I) and the tonal

noise (K T) in the assessment period. The correction of
the impulsive noise is the difference between the
equivalent continuous A-weighted sound level with
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time weighting impulse (L Alm) and the equivalent contin-
uous A-weighted sound-level (L A)
KI =LAlm - L., the correction of tonal noise is
estimated (K T= 3 or 6 dB). If necessary, further correc-
tions e.g., Tfor the influence of low-
frequency noise, can be made.

- The rating level is then the sum:

Lr.= Am+ I =LAlm +KT
- The assessment time is, for the working area : 8 hours;

for the environment : day: 700 - 19", night: 2200 -

600, interim: 600 - 700, 1900 - 2200.

The negative effects such as serious annoyances, problems
with sleeping and resting, neuro-physiological reactions,
disturbances in attention and concentration, disturbances
in verbal communication and the recognition of signals,
disturbances of the acoustical orientation in the environ-
ment,ear damage, and disorders of voice should be avoided for
the largest number of people involved,by setting reference
and limiting values.

To emphasize: This principle for measurement and assessment

is valid for millions of jobs and homes where people

are more or less disturbed by noise levels from

L r = 40 - 130 dB. By establishing one limit for a living

or working area, the quality of this area can be classi-

fied regarding the handicap caused by noise and made

comparable to other areas.

The assessment of noise in the working area where verbal
communication is critical (e.g., at pilot's working place)
or in living areas where people's sleep is disturbed by
temporal fluctuating noise can, in addition, be taken
into consideration with further criteria such as the
articulation index (AI) for speech intelligibility, or
with a peak level (L AF1% ) for undisturbed sleep.

Limiting values that are supposed to insure a certain

speech intelligibility are not specifically set in the

Federal Republic of Germany. Limiting values for verbal

communication can be derived from the areas ' environmental

protection' and 'occupational safety' where limiting values

are established because verbal communication is necessary

(Tables 1 and 2). In this way, a certain speech intelli-

gibility can be insured in homes (during the day), restau-

rants, auditoriums, offices and conference rooms. Aside

from protecting the ear against hearing loss (L r 85 dB)



and the impairment of work efficiency (Lr 5 55, 70 dB),

the maximal noise levels for working areas for the disturb-

ance of verbal communication through noise (Lr < 55, 70 dB)

and for occupational safety the recognition of alarm signals

(Lr -S 85 dB) are standard.

The limit of 70 dB should make a certain amount of verbal
communication possible in rooms where typewriters are
used or in factory offices. The limit of 55 dB in lower-
noise offices and conference rooms should make a certain
speech intelligibility possible. These limits, however,
are to be seen as absolute limiting values, which are also
technically possible to achieve. For a good to very-good
speech intelligibility in conference rooms, for example,
this level would have to be undercut by 20 - 30 dB, as
can be seen in Table 1 (Jansen 1977).

OOZUPATIONAL ACTIVITY HI(i{EST VALUE EXAMPLES OF THE ACTIVITY
L in dBr

mainly mental 55 meetings, transactions;
activiy telephone and radio centers;

technical, scientific areas;
writing and correcting
difficult texts

simple and mainly
mechanized office 70 planning; data gathering;
activities typewriting work in a

factory office; sales to
and waiting on customers

all other
activities

Table 1: Rating level (Lr according to DIN 45645, part 2)
for the working area which should not to be exceeded
(from the Arbeitsstattenverordnung, § 15, from VDI 2058,
Blatt 3); as long as no noise containing impulse or tone
is present, LNAm = Lr across the assessment time.
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Highest values for noise level LNAm in dB

VDI DIN 1) VDI VDI 2)

2569 4109,5 2719 2081

for for for for
ROOMS background noises rooms where rooms

noise from noise cones with
in office household from outside central
rooms applicances ventilation
(LAF 95 %) and

machinery

HOMES
- day - 25 - 30 30 - 40 30
- night - 25 - 30 25 - 35 30

RESTAURANTS - 40 - 50 40

AUDITORIUMS - 35 30 - 40 25 - 35

CONFERNCE- 30 - 35 35 30 - 40 35
ROOMS

HOSPITALS - 25 - 35 30 - 40 35 - 40

OFFICES
- private 30 - 45 35 30 - 40 40
- office

for
several 30 - 45 35 35 - 45 45
persons

1) The level values may be exceeded under some conditions
by 5 - 10 dB. 2) The peak levels (LAF 1%) should not
exceed the given data by more than 10 dB.

Table 2: Highest values for noise level in rooms. The given
noise levels are, as a rule, the equivalent continuous sound
level (LNAm) (DIN 4109, part 5; VDI 2719; VDI 2081), over
the time that the rooms are in use: e.g., living room
(day) 600 - 2200; (night) 2200 - 600; office rooms 80" -
1600. The level values in VDI-2569 are background noise
levels (LAF 95%).

EVALUATION OF VERBAL COMMUNICATION.

Procedures in order to predict speech intelligibility from
the physical parameters of speech (speech level:L
L soct ' m ) , of noise (noise level: LNA; LNoct) SAlm

and of room (distance between the speaker and hearer r,
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volume V, and reverberation time T) are presented:
- A-weighted signal-to-noise ration (SNA)
- speech interference level (SIL)
- articulation index (AI)
- speech transmission index (STI)
(see Beranek 1947, Kryter 1962, Webster 1969, 1973, Steeneken
& Houtgast 1980).

The AI and the STI can be used sensibly, especially in
special working areas or auditoriums, when the use of more
complicated technical measurement (measurement of spectra
and of the reverberation-time at different points) is possi-
ble. The SIL-curves are especially well suited for a simple
estimated prediction of speech intelligibility. The speech
level at a 1 meter distance from the speaker's mouth MLSA1m)
(description of vocal effort) is used as a basis. A
decrease of the speech level is given in 6 dB/double inter-
vals. This specifies the signal-to-noise ratio (LsNA) for a
specific distance between speaker and hearer (r) and noise
level (L NA LSIL). The speech intelligibility (SI) can then be

calculated from the signal-noise level for
words or sentences. The SIL-curves proceed from a specific
speech intelligibility or signal-to-noise ratio. The maximal
possible distance (r) for this pre-established speech intel-
ligibility is then be read in the dependence on'the existing
noise level (LsIL, LNA).

An overview (Lazarus et al. 1984) of SIL-curves from authors

or from fixed standards (Beranek 1947, Webster 1969, Kryter

1970, Webster 1973, 1979, ISO 3352, ANSI S. 3.14, DIN 33410)

led to the following result: A satisfactory speech intelligi-

bility - the prerequisite for the SIL-curves - is given by

an AI = 0.4 - 0.5 (ca. 0.45) or a signal-to-noise ratio of

LSNA = 0 - 3 dB (ca. 2 dB) and corresponds to an intelligi-

bility of monosyllabic words of SI = 65 - 75 %. However,

the speech levels given by the various authors which were

categorized into individual vocal efforts are different. On

the basis of newer research projects (Pearsons et al. 1977,

v. Heusden et al. 1979, Houtgast 1980), new speech levels

were given for 11 different vocal efforts (Table 3). The

speech levels have an interval of 6 dB (corresponding to a

suggestion by Beranek 1947). The curves, which are based on

the experimental results up until now, are given in Figure 1.

Based on the Lombard effect, a speech level range can be

given - expected vocal effort - that will probably be used
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by the speaker when a noise level is already known.

Vocal effort Sound level LSAm, m

whisper 36 dB
soft speaking 42 dB

relaxed (p) 48 dB
relaxed, normal (p) " 54 dB
normal, raised (p) " 60 dB
raised 66 dB

loud 72 dB
very loud 78 dB
shout 84 dB
maximal shout 90 dB
maximal shout (in iidividual cases) 96 dB

Table 3: Sound level of the speaker (L R) at 1 meter
in front of the speaker's mouth for th -iven vocal effort;
p = in private quarters.

Based on the results of Pearsons et al. 1977 and v. Heusden

et al. 1979 and on practical examples as well, the range

of expected vocal effort was newly developed: The distance

used at low noise levels (LNA = 40 - 50 dB) is r = 4 - 8 m

for the SIL-curves (Webster 1979, ANSI S. 3.14, DIN 33410);

for the SIL-curves in Fig.1, it is 2-3m and obviously more

realistic (Lazarus et al. 1984). A trial to establish the

maximal noise levels for verbal communication in residential

rooms and workrooms with the aid of the SIL-curves was

carried out by Lazarus et al. 1984.

Sotscheck 1982a developed a new German rhyme-test for

measuring the quality of speech transmission for communi-

cation-systems (telephone system). Intelligibility tests

with this rhyme-test and nonsense syllables produce less

variance, a less distinct learning phase and a better

repeatibility (Sotscheck 1981, 1982 b). The intelligibi-

lity tests were measured for 2 bands (.3 - 3 kHz) and

8 disturbing noises (Sotscheck 1983). In order to achieve

the same intelligibility for both bands, the noise level

for the band 0.3 - 3 kHz has to be lowered by 1 - 8 dB.



Fig.1: SIL-r-diagram, relation-
ship between the noise level

(LA' LSm for 0.5, 1, 2, 4 klz)
. and the maximal distance between

-the speaker - hearer (r) for
satisfactory speech intelligi-
bility (articulation index
AI = 0.45) for different vocal

* - efforts (at normal vocal effort,
the speech level is LSA, M

60 dB). The cross-checked field
indicates the expected vocal
effort on the basis of the
Lcubard-effect (from Lazarus
et al. 1984), LSa = LNA - 8 dB_

The masked threshold for the band-limited speech and noise of

different spectra but constant level lies at LS - LN = - 1 to

- 5 dB. The masked threshold for temporal fluctuating noises

(LN5% - LN95% > 10 dB) lies at LS - LN = - 5 to - 24 dB.

Cakir et al. 1983 investigated the use of the dictating

machine for dictating and listening and the necessary

signal-to-noise-ratio.

INFLUENCE OF SPEECH MATERIAL AND DIRECTIONAL HEARING ON
SPEECH INTELLIGIBILITY IN DISTURBING NOISE.

The impairment of verbal intelligibility in everyday life can

be predicted with the aid of speech-audiometry. In addition

to the tone-audiogram, the speech-audiogram can be determined

for the hard-of-hearing persons in the Federal Republic of

Germany.

The tone-hearing loss can be determined from the tone-audio-
gram. The speech-audiogram is presented monaurally with
word-numbers (DIN 45621) and monosyllabic words (DIN 45621).
The speech-audiogram can also be determined using sentences
(DIN 45621, part 2), although it is questionable whether a
better prediction of speech intelligibility in every day life
is possible there with. The intelligibility curves for spondees
and for sentences are often very similar. Aside from this,
sentences can be constructed on very different levels of
difficulty (Kalikow et al. 1977). Because of this, the results
of speech-audiometry when sentences are used do not allow a
very strong argument.

For example, it was shown (Lazarus & Lazarus-Mainka 1979) that

the masked threshold for main sentences, as well as the main
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sentences and clauses of sentence structures, differed by

6 dB. The masked threshold for individual sentence parts such

as subject, predicate, object lie at 6, 3.5, 9.5 dB lower

than the threshold for the whole sentence. Even though the

predicate is spoken equally loud, it is the worst understood

part of the sentence.

Platte 1979, 1978, measured the interdependence of the results

of a speech test with selected speech material (numerical words,

monosyllabic words, triple repetition of monosyllabic words)

and the type of noise (white noise, simulated speech-noise).

Large variances can be avoided with triple repetition (e.g.,

house, house, house). As long as no interaural processes are

involved, the slope of the intelligibility function with

speech level is maximal when the power density spectra of the

signal and the noise are identical, e.g., by simulated

speech-noise (e.g., for monosyllabic words 7 % per dB, for

numerical words 17.5 % per dB).

A better prediction of everyday intelligibility can be ob-

tained when further factors such as noise, directional hearing

and monaural and binaural hearing are included. The influence

of different geometric arrangements of signal and noise

sources and of the transmission characteristics of the exter-

nal ear in relation to the subject, can be included only when

the person is tested with spatially separated signal and

noise sources in an anechoic room.

Platte 1979,. Platte & Hbvel 1980 compared the results of
binaural speech intelligibility tests obtained under different
test procedures. When the masked threshold is measured accor-
ding to the Bekesy-procedure, the variance is higher than by
determining an intelligibility of 50 % by counting the under-
stood words at a constant level (Platte 1979).

When considering communication in noise, the results of the

intelligibility difference (ILD) is of prime interest. The

ILD indicates by how many dB the speech-to-noise ratio can be

lowered in relation to the reference situation (ILD > 0) in

order to obtain the same intelligibility (50 % of the three

monosyllabic words).
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Fig.2: Intelligibility level dif-
ference (ILD) of three monosyl-
labic words for the different
directions from which the speech

.. is radiated from the loudspeaker
(a); radiation of noise (LN =
65 dB in free field fron
1800 (N1 8 0 ), for the diffuse

*field from 6 loudspeakers
A (Nd) (fran Hbvel & Platte 1980):

- sound hear- noise: reference:
field: ing:
diffuse bin. speech SoNd mon.
diffuse mon. noise* SONd mon.

free bin. " S0 N18 0 mon.1

free mon.1 i S N180 mon.1

free mon.2 white S0N180 mon.2
noise

Twelve loudspeakers are set up around the test person. The dis-
turbing noise occurs in a free field from the position 1800
(N18 0 ). The diffuse noise field is generated through uncorre-

lated noise which comes from 6 of the 12 loudspeakers
(Nd). Speech comes over only one of the loudspeakers (a(S) ).

The results are partially given in Figure 2. The ILD-function

for monaural hearing could be satisfactorily predicted (Hbvel

& Platte 1980) with the AI by considering the monaural trans-

mission-function of the outer ear. Hbvel 1981 broadened this

ear model to include a model of binaural signal processing

(from Durlach 1963). In this manner he can also accurately

predict the ILD-progression for binaural hearing in anechoic

surroundings under the influence of noise.

The higher the signal-to-noise ration in the low-frequency

components, the greater the improvement of intelligibility is

through binaural processing.

SPEECH INTELLIGIBILITY BY HARD-OF-HEARING PERSONS.

Speech intelligibility, when disturbed by noise, is also

influenced by hearing ability. Niemeyer (1983) and Spreng

(1983b) listed the factors which are decisive or perception

of speech for persons with noise-induced hearing loss. They

described this evaluation of hearing ability with the follow-

ing tests:
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1. The tone audiogram shows preliminary damage well. Never-
theless, changes in adaptive ability can be seen without
substantial hearing loss (HLZ 10 dB). In order to follow the
envelope of speech, the ability to adapt and readapt rapidly
is necessary.

2. The reduced ability of the hard-of-hearing to identify and
discriminate short-term intensity-frequency-patterns and tem-
poral fluctuations in frequency and intensity can substan-
tially worsen the recognition of speech.

3. Recruitment impairment causes changes in the hearing
characteristic chiefly in the higner frequencies. The related-
ness of individual formants for a vowel or for the intensity
change from consonants to vowels cause a different excitement
pattern and a false perception of speech sounds through the
different recruitment curves with hard-of-hearing persons.

4. The hearing loss functions as a low pass filter; surround-
ing noise, such as traffic noise, is usually low-frequency
and is especially disturbing because the remaining lower
frequency speech that the hard-of-hearing person can still
perceive is masked.

5. The dynamic efficiency and selectivity of the ear is to be
tested in that the speech intelligibility test'is performed
in the presence of party babble.

Fastl & Schorn 1981 and Zwicker & Schorn 1982 can show that

the discrimination of level differences, the temporal resolu-

tion of the ear and frequency selectivity is reduced in hard-

of-hearing persons.

In the assessment of environmental noise (air noise) MUller-

Limmroth (1979) includes the speech intelligibility of the

slightly impaired hard-of-hearing (hearing loss < 20 dB at

f 2 kHz, 5 40 dB at f 4 kHz). About 50 % of persons

aged 63 have a hearing loss of this caliber. In order to

achieve equal intelligibility, the noise level must be

L 5 - 10 dB lower for the slightly impaired than for
NA
persons with normal hearing. Inside a room, an AI should not

fall below 0.7 (Weber et al. 1980).

SPEECH INTELLIGIBILITY AND SECONDARY TASK.

Persons on the job or working in the home who want to perceive

verbal information must concentrate on both activities: per-

ception of speech and the task with which they are involved.
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In two experiments, persons were presented with sentences

(LSAz 65 dB) at noise level (LN = 55 - 85 dB). The persons

had to perform simultaneously either a sorting task (Lazarus-

Mainka & Sasse 1981) or a visual memory task (Hbrmann & Ort-

scheid 1981). The intelligibility as well as the sorting per-

formance decreases as the signal-to-noise ratio decreases.

Speech intelligibility decreases by 5 - 20 % when the diffi-

culty of the sorting and memory tasks increases (see

Figure 3).

% Fig.3: Speech intelligibility SI

l- (regression lines) in dependence

T .on the signal-to-noise ratio
(LsN) with and without a visaal

memory task (MT), (from Hrmann

/, & Ortscheid 1981).

3C

20

I0

20 is '0 0 C 10 '5 SB2 3 .

VERBAL COMMUNICATION AND THE WEARING OF EAR PROTECTORS.

Many industrial workers report again and again that the

wearing of ear protectors hindbrs verbal communication in

working areas. These statements contradict research results

which show an improvement in intelligibility at high noise

levels and wearing ear protectors. In these experiments,

speech is presented over a loudspeaker, but verbal communica-

tion takes place in a speaker-hearer rnteraction where the

speaker speaks spontaneously what the hearer is supposed to

understand. In the following experiment (Hbrmann et al.1981,

1982), it is asked: Does the degree of intelligibility change

when the speaker and hearer are in actual conversation and

both are wearing ear protectors in the same noise conditions?
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Both conversation partners sat at a distance of 1.5 m facing
each other. They were separated by a translucent curtain
(that did not hinder sound) in order to prevent lipreading.
The noise level was set at L NA 76, 84, 92 dB. A common ear
plug was used with a noise reduction of R = 20 - 30 dB -
in the frequency-range of interest.
The speaker and hearer both either wore or did not wear ear
protection. The types of speaker-hearer interaction varied:
the speaker read texts, monosyllabic words, sentences and
told picture-stories. Only the average values for these
4 speech samples are calculated and given here.

The main results are: when a speaker wears ear protection,

he/she speaks at L NA =92 dB about 4 dB softer. That a person

speaks louder in noise than in quiet is well known and called

the Lombard-effect. That a person wearing ear protectors in

noise speaks softer is explained in compliance with the Lom-

bard-effect in that the person perceives his/her own voice as

being louder than it really is because it is fed back through

auditory bone conduction.

Eventhough the speaker speaks louder as the noise level in-

creases, the speech intelligibility decreases when ear protec-

tors are worn and the noise level increases. The difference

in intelligibility in the noise condition L A = 92 dB is espe-

cially noteworthy. Here, persons without ear protectors still

understand ca. 70 % of the verbal information; when both

hearer and speaker wear ear protectors, the hearer understands

40 % less (Figure 4).

When the conversation partners both wear ear protectors, the
words are spoken ca. 20 % faster. The speech pauses are 25 %
shorter. The interaction-time (the time between reading the
individual words or sentences) increases sharply as the noise
level increases. In this period of time, the hearer has to
perceive the verbal cue, identify it and repeat it. When ear
protectors are worn, the interaction-time increases by ca.
20 - 30 %.

In a laboratory experiment with 5 different ear protectors,

Bratge 1983 gave the subjects tasks where verbal communication

was necessary. After the experiment, the subjects were asked

17 questions about the impairment through ear protectors.

Three factors are derived from the factor analysis: effect of

ear protection on speech intelligibility, ear protection as a

foreign body, and as a physiological handicap. The 3 factors
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account for ca. 60 % of the variance and 40 % of this variance

is accounted for by the first factor (verbal communication).

The 5 ear-protection situations are compared pairwise with

one another. The most pleasant ear protectors were the wad-

ding or plug with low noise-reduction. Plugs with higher

noise-reduction and muffs rated the worst.

Fig.4: Speech intelligibility (SI) inSi oorrectly understood verbal cues in

90 - dependence on noise level

where both ocmanication partners

wear (with/with), or both do not wear

(without/without) ear protection

70 - (fran Hrmann et al. 1981, 1982).

60-

50\

40 [._Ear protectors
wihout/withou \\

L"--_w:'.h / with \

30

20

76 84 92 d8
L NA "

Fr6hlich (1978) investigated sentence intelligibility on per-

sons with slight hearing loss. Without ear protection, the

intelligibility at noise and speech level LA = 86 dB lay be-

tween 90 - 100 %. When ear protection was worn, the intelli-

gibility sank to 52 - 83 %. If verbal communication while

wearing of ear protection is assessed according to measured

intelligibility and subjective evaluation, it can be concluded

that: verbal communication (speaker/hearer interaction) for

normal-hearing persons and understanding verbal information

(from a loudspeaker) by slightly impaired persons worsens
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as the noise reduction of the ear protection increases. This

means that the ear protector should be chosen that is neces-

sary to reduce the noise level just enough to protect the ear

- in order to prevent overprotection (Burkhardt 1979; Abel et

al. 1980, VDI 2560, Lazarus et al. 1984).

RECOGNITION OF SIGNALS WHILE WEARING EAR PROTECTORS.

Two reviews (Lazarus 1980, 1981) deal with the influence of

ear protection on the recognition of signals and speech, for

normal-hearing and hard-of-hearing persons, on directional

hearing and on verbal commnunication. The experiment from

Lazarus & Wittmann 1980, and Lazarus & Wittmann 1983 deals with

the recognition of signals while wearing earplugs and muffs in

noise levels of L NA 80 - 105 dB. The signal was a Typhon-

signal commonly used by trackwork to warn against oncoming

trains; the noises were commonly occurring noises in the field

with different spectra. The criterium for hearing efficiency

with ear protection in contrast to hearing efficiency without

ear protection is the masked threshold (50 % heard signals).

The results of the hearing trials are: If persons with normal

hearing wear earplugs, the hearing efficiency, on the average,

improves slightly. The masked threshold decreases by A L =

0 - 2.5 dB when the person wears plugs in comparison to the

unprotected ear. If the persont are wearing muffs, the hear-

ing efficiency is lowered, on the average. The masked thresh-

old increases by A L = (0 - 6) dB.

The change in hearing efficiency due to ear protectors is
even stronger at noise levels over L NA = 90 dB. Hearing effi-
ciency while wearing ear protectors is especially strong
with noises at high sound levels at frequencies under 500
Hz (Figure 5). With such noises, the masked threshold can
show a decrease of A L = 2.5 dB while wearing earplugs, in
comparison to an unprotected ear; the masked threshold ..'n-
creases by A L = (4.5 - 6) dB while wearing common earmuffs.
The change in the masked threshold by wearing ear protection
is the least when the noise consists mainly of higher fre-
quencies and lies by A L = (- 1 to 1) dB. The percent of
heard signals is given in Figure 6 for the 4 noises and the
low frequency noise in the 3 ear protection situations. The
results of the hearing trials can be explained by remote
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masking. Whether or not an ear protector increases the percep-
tion of signals in certain noises can be estimated with the
procedure for calculating loudness described by Zwicker 1967
(Mayr 1980; Wittmann & Lazarus 1980).
The results until now have dealt with normal-hearing persons.
The hearing trials with more or less serious hearing loss were
carried out only with earplugs. These subjects were assigned
to 3 groups of increasing hearing loss (HL) - averaged across
the frequencies 0.5 / 1 / 2 kHz.

Fig.5: Percent of heard

100-- T signals (S, Typhon) the

signals were masked by a

s /. low-frequency noise (noise

plugs for railroad track-workers,

75-- L = 97 dB); the signal

w tE - - slevel is LSA = 76 - 96 dB;w, hou EP . ], Muffs4 Persons wearing plugs,

muffs or no ear protection
50 - - (without EP) (fron Lazarus

t 1 _ & Wittmann 1983).

4;_ -

25-- --i --

/ I noise tevel

/ - 4 LNA=97dB

75 80 85 90 95 l0

SIGNAL LEVEL LSA

% Fig. 6: Percent of heard
60 signals (S, Typhcn) for 4

S
0D ""typical track-work noises

M; iwith the noise level
40 . = 96 dB; the signal

. level is A = 76 - 96 dB;

persons wearing ear protec-

20 E tion or no ear protection

(fromn Lazarus & Wittnann
1983).

1 NOISES LOW-FREQUENCY NOISE
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For the 4 noises of different spectra, the hearing efficiency

worsens with increasing hearing loss when no ear protection

is worn. While wearing the earplugs, the hearing efficiency

decreases more sharply with increased hearing loss. The group

with the greatest hearing loss (HL = 40 - 83 dB) when compared

to the normal-hearing group (HL = 2 - 12 dB) had a raised

masked threshold by A L = (4-6.5 dB) while wearing no ear

protection. It raised to A L = (6.5 - 12) dB when earplugs

were worn. The correlation between the masked threshold and

hearing loss lies between r = 0.74 - 0.85. If hearing loss is
f

less than HL = 20 dB, the average hearing efficiency while

wearing plugs is equally good or minimally better than when

the ears are unprotected. However, when the hearing loss

exceeds HL = 20 dB, hearing efficiency, as a rule, is less

when earplugs are worn than when the ear is unprotected

(Figure 7).

Fig. 7: Masked threshold
(M = LSA (50 % heard sig-
nal) - L NA) for Typhon

0 signals (signal level
L n81 - 96 dB) in

-[= d endence on hearing

loss (HL) (HL for 0.5,
noise IN 1, and 2 kHz); masked

12 s ~-gnai Typhon noise: 4 typical track-
HL 20 ?2de work noises (L = 96 dB)
pugs .... the persons wear

HL plugs or no ear protec-
0 10 20 30 M 50 60 70 80 0dB tion (EP) (from Lazarus

& Wittmann 1983).

PERCEPTION, ASSESSMENT AND CHOICE OF ALARM SIGNALS.

The perception of signals that are disturbed by noise can be

best described by the masked threshold (Zwicker 1967). Some

of the occupational accidents can be explained by a masking

of acousti. signals (Eickelpasch 1978).

The perception of signals can be guaranteed when the octave

sound pressure level lies 10 dB over the masked threshold

(DIN 33404, part 1). In order to simplify the on-the-job use
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and insure the perception of signals for occupational hazards,

the masked threshold is determined from the octave sound level

and not - as is common practice - from the third octave

sound level. The effect of hearing loss and ear protection on

signal perception can be seen in the remote masking of the

higher frequencies by the lower frequencies. At 100 dB, remote

masking for normal hearing persons lies at ca. 20 dB/oct; for

minimal hearing loss, it lies at 6 - 9 dB/oct (Rittmanic 1962)

(Figure 8). The simplified masked threshold for acoustic alarm

signals is given in Figure 9.

Fig.8: Masked threshold for
0- sinus tones (IT), masked by

L, d- L.,dB- narrow-band noise (L,) for
5 --___ normal-hearing perscis (N) at_-.00 1 kHz (- fran Zwicker 1967);

' - for persons with slight hear-
ing loss at 250 Hz (S -.- ,

40: so N--, from Rittmanic 1962);
threshold of audibility (iL)

20- for normal-hearing (N) and
persons with hearing loss (S).

20 50 t0 200 500 Ik 2k 5k 0k Hz20k

Fig.9: Masked threshold for
alarm signalsThe octave

__ sound pressure level (Loct)
is measured. Masked
threshold in octaves (L'

" " 7 " .. Td et is g re ate r th an o r eu a lc
to the measured octave sound
pressure level (Lo < L't).
The masked

/, 2'. " threshold of the higher
70 - x 'octaves is derived from the

N .octave sound pressure level
.. \of the lower octaves, where-

6 /0 , / by the level of the masked
threshold decreases by

125 250 500 1k 2k 4k 8kH 75dBperoctave (- - -)

An analysis of acoustic and optic transmission of information

(Burkhardt & KUssner 1977) at 4 different job locations in

underground mines resulted in different frequencies of used

acoustic and optic signals as well as the verbal communica-

tion, depending on the activity and the working procedure:
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acoustic optic verbal
signals signals cammunication

work-process 0.5 - 90 % 0 - 60 % 0.5 - 2.5 %

informal 3.0 - 16 % 1 - 17 % 5.5 - 41 %

In an experiment (Bock et al. 1982), students classified 20

alarm signals, e. g. , horns and sirens on different scales

(continuous scale: not dangerous (1) to dangerous (7), see

Figure 10).
Fig. 10: Averages for the scale
(7 - 1) 'dangerous' (*-.),

- 'threatening' (x-x), 'unpleasant'
(o-o), 'induces escape behavior'
(0 -- 0) for 20 on-the-job alarm
signals. The sequence of the
signals is the result of the

, R ,average of the scale 'threatening'
and 'dangerous'. (ccmnt see
Figure 11, 12) ( ram Bock et al.

P', 1982).

S2 S5S I S3S H 4 H1 H3 H2
T Sk Q 12 11 13 14

Rs R1 Sh St

Furthermore, the relationship between 20 alarm signals and

24 occupational danger situations (e. g., toxic substances,

fire, accident) were examined. The subjects matched the

signal they heard to the corresponding danger situation on a

compatibility scale (compatible (6) to not compatible (1) ).

Based on shared compatibility, six to seven signal groups can

be formed (Lazarus & H6ge 1982) Figures 11, 12). Signals with

increasing and decreasing frequencies are best suited as

alarm signals. In DIN 33409, a signal with decreasing fre-

quency to be used as an emergency signal for working areas

(evacuation signal) is recommended by Lazarus (1980).
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DISORDERS OF VOICE CAUSED BY LOUD SPEAKING.

Periodic or continuous strain on the voice can lead to or-

ganic disorders of the larynx. The strain occurs because of

loud speaking and is especially prevalent in high noise activ-

ities and in the teaching profession. Habermann (1980) quoted

a statistic in which educators with disorders of voice ac-

count for 40 - 50 % of all people with voice disorders.

In laboratory experiments, Klingholz et al. 1976, 1978 gives

the following relationships: The percent of healthy-voiced

persons showing pathological deviations when speaking in high

noise levels increases as the noise level increases (Figure

13). Klingholz performed an experiment with kindergarten

teachers and workers who Work in noise (L = 60 - 120 dB).

Fifty percent of the teachers had disorders of larynx. By

workers with speech intensive-activities, funqtionally caused

voice problems occur 3 times more often than by workers who

perform no speech-intensive activities.

W Fig.13: Percent of the people

100 (W), who show pathological

80 deviations in voice production

at noise level (L) (fran

Klingholz et al. 1978).

40

20

80 85 90 95 d8
LNA

ANNOYANCE IN VERBAL COMMUNICATION

In an experiment on disturbance caused by office noise

(Nemecek & Turrian 1978), 228 persons in 57 offices were

interviewed. The equivalent continuous sound level was be-

tween LAm = 43 - 63 dB. 35 - 44 % felt disturbed in verbal

communication relatively often to very often, 29 - 36 % once

in a while, and 27 - 29 % rarely or never. The relationship
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between disturbance of verbal communication and the noise

level is only moderate.

In connection with studies on the annoyance caused by environ-

mental noise (traffic, aircraft, railway noise), the question

of the disturbance of communication (conversation, radio, TV)

is also raised. Kastka (1981) found 3 factors with the aid of

a factor analysis on annoyance reactions caused by traffic

noise. One factor represents the disturbance of communication.

The evaluation of several studies (DFG-study 1974, Grandjean

1976, Nemecek & Wehrli 1979, Finke et al. 1980) is given in

Figure 14.
Fig. 14: Percent of the people

1(W), who feel disturbed in
w00 - - their verbal communication

% /real v by traffic noise. The number
F aircraft noise F1 rell of persons is given who have a
S street noise score on the rating scale75- (Scale 1 - 5, 1 - 2, 1 - 10)

/ F2 which is higher than a pre-/ established cutoff:

disturbed /Fl: air noise (DFG-study0h/ 1974, Sc: 1 - 5)> 3, 600-22oo;Si/ dist F2: air noise (Grandjean
S/ 52 1977, Sc: 1 - 2) z 2, 6"o

25 /2200; SI: street-traffic
25 /"noise (Finke et al. 1980,

/ Sc: 1 - 5) ? 3; 1800-2200;
S2: street-traffic noise

I I (NeMecek & Wehrli 1979,

40 50 60 70 80 dB 90 Sc: I - 10) > 8.
*LNAm

Using the same equivalent continuous sound level, street noise

exceeds the critical noise level for verbal communication more

often than aircraft noise. Because of this, disturbance of

communication is probably higher by street noise. Kastka

(1981) also shows that, using the same daytime equivalent

continuous sound level LNAm 
= 74 dB, the continuous noise of

the motorway (Autobahn) is more disturbing for communication

than noise caused by city traffic. For communication, railway

and traffic noise are nearly equally disturbing (Knall &

SchUmer 1981).

In a laboratory experiment (Lazarus-Mainka et al. 1983),
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the question of experienced annoyance during verbal communi-

cation was raised. Two subjects carried on a conversation at

noise levels L = 74 - 92 dB. The speaker and hearer differ

in the type of annoyance: The speaker feels more strongly

annoyed and handicapped; the hearer feels more strongly con-

fused, distracted and strained to excess.
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LMEIN 15 ON RELEN 1 St)V i l L IrE[Fh [URE OIN NOI 1SE AND SPEECH
M IN I IE liblKI-11

Martiara Jancar -Webster

bicnr tment~ nt PoDi ti1cal Sciece. S. U. N.Y. Br-ockport.

Br ock(port . New Yorl,

It is virtuiallv impossible11 fnr a researcher in the West
ton access al Soviet literature in any one scientific field

or sub field. As is well known, Soviet specialists in the
araof documentati on arnd l.i brary sci enti st have not

dF' 'i Hoed anv ovstem of i nde i no materials apart from the
moot hl tabl es o cotent~s and annual indexes appearing in
mt-t ornfes-i onal pu~blications. Accessi no li terature thus
Eo~iHre-~ the r esearcher to search virtually every i ssuies of

w4'-rv oi'rinnirQl in published in the given field. Western
'-citrre have attempted to make up for the Soviet deficiency

h, lirtiro and suqmmarizirno key Soviet materials in basic
liripline iournals ani irn the v'arious international

r'tjrne. nvchol oay. scial sdcecei, and envi ronmental
H. lCPS. 0 review Of these indices for the last five years.

nr~r"M i VIPds Only one major art3ice on noise and speech
itall Iinibai ty. and only a few on one of the Soviets

a~iOfields, of interest, noise and noise sickness.
-orK the selection of ar-ticles to he incluided in Such

tK i-ndppr'ds on thp prei erenre orientati on of the indexer
,"d h- afrl '- foO~~ M30 WM-~I diral S.

-.iurind. there i L IP transl ated Soviet research in
eh rp n thp k-ncil ish I ancinage. A notabl e excepti on is

th, r1nat on eb or t 01 the joi nt Publi cation Research

Orip of the US F eder al Governmernt. Happily , this service

in3nuan3Pd by an inde; which if not to~tally systematic.

at I ca-t enablIes the researcher to access the appropriate
en cp. Her e soal n. hnwever . one finds the selection of

trn I Ations despendenit upon the or ientation of the comp iler.

int Ihi i te. the ''arions depart ments of the US Federal

5lnvrnmprt. (A sear ch of t ranslated materials in this

5cr vi re over the l ast five ve ars fou-nd once more, only one

article speri f iCallv deal rio vwi th noise and speech
Iniolmi hil tv. al thonob almost forty deal ing with the

ef ferts of noise on per formanore. The buIV of the transl ated

ma ter ials conc erni en-i neprin ind tecko ooical research

ntop the reduction of ow s(e interference in transmissi ons
systerns, particularlv in a military context. or evaluations

of noise on performanice in space capsules and space



t echrol ociv.

Cl-arlv there is a need for a more systematic approach
to access-no Soviet research in all areas, and particularly

in the areas of noise and vibrations. Like other countries.
the USSR has not spent as much effort in the area of the
ef fects o noise on human beinos as it has on the larqer

or or ties of. for example. nuc:lear energv research. but our

oiiurn in the USSR in 1980 and subsequent follow-up

provided convincing evidence that the Soviets are carryinq on

si oni f icant research on noi se, research which should be
better communicated to the international scientific:

c.omm.Ini tV. We also discovered that Soviet audiologists are
eaner to report their research. However, the laws of ex.port

may that no one may enport a book from the USSR which was

publ shed over three years prior to the proposed e>portation
date without obtaining a permnit from the Ministry, of Culture
and the payment of 100'% export duty if the permit is given.

The law effectively inhibits Soviet scientists from mailing
any materials abroad to interested colleaques e:cept the

most recent. Given the small editions of scientific books.
seldom over 3000 and more often in the 1500 range, it is

improbable a Western scientist could obtain a copy of a

book, even if he knew about it, by ordering it either from

authorized Soviet bookstores abroad or directly from the

publisher. In all likelihood, the volume would have been

sold out within a few days of its appearance in the
appropriate domestic bookstores. Probably the best Western

c:ollection of Soviet materials in Russian relating to the
field of noise and human health and in the general area of
health and sanitation is the institute of Health and

Sanitation in Helsinki. Finland. The Western researcher is
thus faced with two difficult choices. He must have a

knowledqe of Russian, and either spend time in the principal

'jovi et research centers in Moscow. Leni ncrad, or K:i ev, or
contact the Institute of Health and Sanitation in Helsinki,

or ie must rely on the unsvstemmatic attempts of Western

inde:ino systems to acquaint him with Soviet work in his

Sei d.

What follows is only the briefest summary of what we
Iearned in the Soviet Union and a proposal on how to

al leviate this unproductive situation.

Maior work on the effects of noise, particularly on

human performance is confined mainly to Moscow and

Lenincirad. Of the two cities, Leningrad has been the

pioneer in research on noise and noise sickness. During the

19b0s, four scientists at the Leningrad Medical Institute of
Hvniene and Sanitation under the USSR Ministry of Health

undertook research on noise sickness: Ye. Ts.

Andreveva-Galinina. S. V. Alekseyev, A. V. fadvskin, and G.
A. Suvorov. Their findings were published in a book entitled

NOISE AND NOISE SICKNESS (Leninqrad. 1972), which has since
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become the Russian standard on the sub iect. [he book was
translated into English by NASA in .iuly 197.. The most
significant data concern the effect of noise, especially
industrial noise, on the functional state of the central

nervous system. It is concluded that both reactivity and
lability of the cortex and subcortical structures are

reduced, evidently in proportion to the noise effect. The
deqree of these effects. according to the authors, is
determined by the force of the noise. The authors establish
that pulsed and steady st-te noise affect tissue respiration
of the cerebral cortex, pui ed noise having an espec: al ilv
unfavorable, irritatinq effect.

Galinina subsequently died and Aleksevev took over as
Director of the Institute. Together, he. Kadvskin and

Suvorov published another book entitled SOME Dr-A ON NOISE
SICKNESS AND ITS PREVENI1ON (Leningrad, 1912). in 1I1, the
same three together with N. I. Karpo, presented a paper. "On
the Question of the Diolopical Action of Infra-Sound" to the
All-Russian Conference on Noise and Noise Sickness,
Questions of Prevention. " 

And in 1975. Suvor ov and
Likhnistkii. a research physician with the Soviet Navy,
published IMPULSE NOISE AND ITS INFLUENCE ON THE HUMAN HODY'

(Leningrad. 1975). The book is a combination of acoustical
enoineerinq and research work, which evaluates impulse and
intermittant noise on the basis of their information rather
than energy content. According to N. Goldman. a researcher

at the Canadian Centre for Occtupational Health and Safety. it
provides the Western scientist with a oood example of the

East European approach to questions such as impulse noise
control. noise fatique, and the auditnry and non-audi:torv
effects of impulse noise.

When we visited the Institute in November 1950. Director
AIeksevev asked his research heads to inform us of the
present status of noise sickness research there. Whlte some
data was presented indicatinq that the institute had firmly
established that certain kinds of noise caused illness, our
meeting was too superficial to go into much detail. Jhe

impression qathered was that research in this area had

somewhat fallen off. Our invitation through the USSR
Ministry of Health and the USSR Academy of Scienceb to bring
a Soviet specialist to this conference to make a
presentation on Soviet research on noise sickness. went
unanswered.

Since 1975, other centers have come to the fore with
their research into the effects of noise and vibration on
human performance. Among the published work are the

fol lowing:

The first in chronological order is an article by Prof.

V. Ye. Oistapkovich and Candidate of Medical Science I. M.
Korol" of the Scientific Research Institute of Labor Hvoiene



and Occupational Diseases. USSR Academy of Medical Sciences,

Moscow, entitled "Analysis of Cochleovestibular Correlations
Accompanyinn the Effects d Noise and Vibration" (Vestnik

otorinolqarinao]onii. No. 2 (1978), pp. 17-20). The authors

base their findinas on audiometric and vestibulometric:

analyses of an unspecified number of workers from 20-50

years old subjected to the effects of noise and vibration.
The authors find that the relationships for the oroup

subjected to noise and vibration and noise vary. However.

clinical observations established dysrhvthmia and

variable-amplitude nystaomus supportirp the hypothesis that

these phemonema were caused by vi brati on and noi se.

In 1979, Ye. F. Samoi liuk and V. V. Safonov published a

book entitled THE STRUGGLE AGAINST NOISE AND VIBRATIONS IN
CONSTRUCTION AND AT ENTERPRISES OF THE CONS1RUC-TION INDUSTRY

(Kiev. Budivel"nik Publishin0 House. 1979). The bool
contains reports on the work of Ukraini an research and

zplanninp orpanizations on the noise characteristics o4

machines, methods of noise reduction. and the effects of
noise on performance. rhe book is desi oned as a handboof for

enqineerinq and technical personnel in the construction and

planninq industries.

A continuation of the Alekseyev- Suvorov line of
research is P. 1. Mel'nichenko's research on "The Effect of

Pulsed Noise on Man" published in the Military Medical

Journal, No. 12 (1980), pp. 44-46. The study's objective was

to study the systemic reaction of healthy younq adults to

intensive pulsed noise. The frequency ranqe of pulsed noise

was 0-10 kHz. The subjects were exposed once to 5 to 5.)
pulses, each of which lasted up to i0 ms. with 10 s.

intervals between them. The effect of the p"lsed noise was
measured on the basis of tonal audiomerv (air and bone

conduction), heart and respiration rates and arterial
pressure. A questionnaire was admin stered to test the

subjects" subjertive reactions. the study found that there

was a siqnificant relationship between the subiects"
subjective state and the intnsitv of the noise. A mar ked

worsenino of the subjective state was noted with very loud
noise (165 dB and hi her). [he study further confimed that
pulsed noise has an adverse effect on different functional

systems of the human oraanism and recommend a "compie:
"

approach to the study of the effects of pulsed noise.
Particularly substantiai disturbances occur with emposure to

pulsed noise over 165 dB and the authors recommend this

level as the auildeline for establishina permissible levels
of pulsed noise.

A study by G. A. Manovtsev. V. A. lForsalov et al..

entitled A STUDY OF MAN'S AI)APTIVE REAC] INS TO THE ACOLISTIC
ENVIRONMENT IN AN ENCLOSURE (Cosmic Biolonv and Space

Medicine, Vol 16, No. 2 (March-April. 1982). pp. 76-81

looks at the acceptability of noise levels in confined
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-e = hrocih the subi 1ective evaluation of the acoustic
aif ri"'r:lment h.' the sub iec:ts., and the examnination of the
sb ic-s' cirdi iovascular fu-,nctions. The study demonstrates
I, ado tl p reart ir - to rio] se e f- eczts accompanie, by an
inca-sce in tensi i ri the cardiovascu]ar system.

Lu arniother study published in the same iournal in
I-Novemb er -December 1982 (Vol . l.. No. 6). A. S. Rozenblum
inWP,',ttat-' "Short-term Acoustic Adaptation (STAA) as a
Criterion of Fesistance of the Auditory System to Noise".

nper irent s ere carr-i ed out on 29 sub iects with normal
hear- in and 4n pat i ents wi th neur-osensory hypoacusi s,

LriLldinri t5 patients with oi:cupational hypoacusis. The STAA

mannitide was evaluated as the difference between the hearing
threshId of the 20 ms signal paired wLth a preceding

adaptinc sipnal or without it. the duration of the adapting

,-inna I w,.as in the ranqe of 20,-i00 ms and its intensity was
4" dB above the hearinc threshold. The signals were applied
,c)rnaI _ were applied at 50 ms intervals. The STAA value

i-ia_? 5-2,5 dB ini 90% of the ncormal subjects. In the patients
wi th occupational hvpoac:usis. hearino impairment increased

-.- AA declined. This relationship did not obtain with
the patients with common neurosensorv hypoacusis. The

athor recommends usino STAA as a measure of man's hearing

resi stancp to noi se effect s.

[t wil] he noted that all the foreooinq studies relate

to the ef-fects of no se on human performance. Only two
refer-ences were found in the JFRS durin the period 1975 to
the present, pertaining specificallv to the effects of

noise on speei:h intel linibilitv. "he Effect of Auditory
Fat nine on Speech Ferception in the Presence of Intensive

I ow--requencv Noise" by A. U. Antonov. B. V. Uvchinnikov and

A.S. Permvakov (Military Medical Journal , No. 6 (1975). pp.

56----57) provi des a summary report of a study of the influence
of functional changes in the auditory system on clarity of
speech in the presence of intensive 1ow-frequency noise. 36

communication operators particpated in the study. They had
normal hearino and were exposed during their work to
iow--frequencv noise in excess of 11(J dB with the maximum
level of sorii c enerov in the frequency range of 20-160 Hz.

The subjiects ranoed in age from 18-22 years of age. One

oroup of 14 was exposed to noise continuously for 10 to 30
hours over a 2-day work period. A second group of 22
sub iecits was tested with a shorter exposure of 2 to 3 hours
with 1 hour rest intervals. The authors measured the extent

of hearing loss and compared it to the level of impairment
of speech perception. They found that in cases of over 20Y%

temporary hearinq loss. the coefficient of verbal
intelligibility drops sionificantlv. A 30-40% hearing loss

leads to great di ffi cultv in verbal communication in the
presence of low-frequency noi se. In such cases, prbper

speech perception requires very intense attention.
accompanied by requests to repeat words and sentences. The
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authors suggest their results make it possible to set
standards for acoustic conditions of work for preset levels
of quality of communications in combat material.

In a second article by S. N. Losiakov and I. S.

Nekrasov. the results of a study of noise immunity of speech

messages in wideband radio telephone communication systems

are discussed (Kiev, Izvestia vysshikh uchebnykh zavedenii:

Radioielektronika (News of Higher Education:

Radioeletronics), Vol. 245. No. I (January 1981). pp. 56-bi.

A final area in which Soviet researchers have been

active which relates to the subject of noise and speech
intelligibiity is research on deafness. Work is beinq done
in the First Medical Institute of the USSR Ministry of

Health in Leningrad, the Research Institute of

Otorhinolaryngology and Speech Pathology of the USSR Academy
of Sciences in Leningrad, and at the Institute of
Defectology under the USSR Ministry of Education in Moscow.

The First Medical Institute is engaged in diagnoses,

rehabilitation and hearinq aid fitting for children.

Vibrotactile aids are used only for very younq very deaf
children as an aid for speech pathology. ro test the effect
of increasing the volume of the hearing aid on speech

intelligibility, a group of 21 hearing impaired and
profoundly deaf children were exposed over a period of forty
months to three hours daily of hearing aid training. The

study indicated a threshold of 90 dD beyond which there was
no significant improvement in speech intelligibility. The

study also indicated that increasing the volume of the
hearing aid produced no noticeable further hearing

impairment over the 40-month period.

At the Leningrad Research Institute of

Otorhinolaryngology and Speech Pathology, A. S. Rosenblum
and his colleagues are engaged in research in speech
production in deaf children. We observed a training session

for a pre-school child which incorporated aspects of the
Yugoslav (Dr. Goborina) method. Rosenblum has compiled a
very useful bibliography on THE PATHOLOGY OF SENSORINEURAL

DEAFNESS, 1966-1973 (Leningrad. Meditsina Press, 1977),

which contains Soviet as well as Western references. A

co-authored study by Rosenblum. L. N. Petrova and V. K.
Krishchenkov examines the "Application of Audiometric Tests

for Evidence of the Influence of Stapedoplastics on the

Inner Ear in Patients with Otosclerosis." In another
co-authered study in the same volume. Rosenblum report on "A
Comparative Evaluation of Several Methods of Clinical

Masking for the Investigation of Thresholds of Air

Conductivity" (QUESTIONS OF THE PHYSIOLOGY AND PATHOLUGY OF
ACOUSTIC AND VESTIBULAR ANALIZERS. Vol. XXI, A (Moscow:

RSFSR Ministry of Health, 1977.) Rosenblum's current

research is the development of an acoustic apparatus to test

hearing impairment.



The Faculty of Phhi Aolono, at Lenirurad Lni e ri Lv'
enqaged in the development of speech intelliqibilitv testa
for the deaf. Dr. A. S. Stern. in part LUJar, LS Piaoed in
research on a test which woLd evaluate speech perceptiptn

and spoken lanquane skills of the voinc dea+ population.
Her approach is to develop a comprehensive test whic:h w I l
measure all aspects of speech inteliioibilitv and she was
sceptical of the reliability of US tests which isolated the
various factors and claimed to test only one aspect at a

time.

The Institute of Defectoloqy in Moscow is the principal
center for research on education for handicapped children of

all kinds. includinq the profoundly deaf. Research is
carried on in such areas as the formation of spoken speech
in deaf children, educational materials desiqned for the
hearinq impaired, the development of memory and thought in
deaf children, and the evaluation of lip readin on speech
production in the deaf. Of particular relevance to the area
of speech intelliqibility is M. I. Beltiukov's research in
the INTERACTION OF ANALYSERS IN THE PERCEPTION AND

ACOUISITION OF SPOKEN LANGUAGE (Moscow: Pedaooika Press,
1977). In a study of eiqht children, Bel'tiukov determined
that a oeneral process may be described both for the

perception and acquisition of spoken language, and that
these two processes are related inversely to one another.
Namely, certain complex phonemes are easily perceived and
recoqnized early in the lanquaqe learnina process. However,
these same phonemes are among the last acquired as aspects
of spoken speech. For eyample, in the 26 step process of

speech acquisition proposed by Bel'tiukov, r' sh, zh, and

sh' are among the last phonemes acquired. but amono the first
perceived.

The above review provides only one individuals qLimpse
of the kinds of research beinq undertaken in the Soviet
Union today in the areas of the effects of noise on
performance and speech intelligibility, and the relationship

between speech intelliqibilitv and deafness. As was stated
at the outset, a systematic effort is required to make
Soviet research in audioloqy known to the internationat

scientific community. A proposal for a more orderly
dissemination of the results of Soviet research in this area

would include the desiqonation of some university or research
center in either Western Europe or North America as the
respository of Soviet journals on the subject, Perhaps the
Institute at Helsinki might be interested, since it already
has a substantial collection. A scientist in the field with

a knowledge of Russian would be desicnated to Peep up with
the literature, and from time to time would publish reviews
of what he considred the most significant work. The
scientist cannot be expected to do such work on his free
time and would have to receive some compensation. It would
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sPem apipropriate that the cormm ttee look into this question
ard dOve' Lip rermmendations as how best to institute a
J1iteratrire review system. it is also suqqested that methods
to inve t qated as t- how the literature review milqht be
conmmunicated ba: to Soviet researchers to in+orm them of
thr r orept ino n ot their worl abroad.
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GENERAL REVIEW OF PAPERS PUBLISHED IN CZECH, SLOVAK AND POLISH

LANGUAGES SINCE 1978

Ngbelek, I. V. and Nblek, A. K.

Department of Audiology and Speech Pathology, College of Liberal Arts,

University of Tennessee, Knoxville, TN, 37996, USA

INTRODUCTION

The influence of noise on speech communication has ,not been invest-

igated in Czechoslovakia or Poland on as large a scale as has the in-

fluence of noise on health, hearing, and performance of those who are

exposed to noise. Therefore, the number of publications on noise and

communication has been very limited. According to unofficial infor-

mation obtained from the Polish Academy of Sc',_ces, no work has been

published in Poland on this topic since 1977.

According to information from the Czechoslovak Academy of Science,

the investigation of speech intelliqibility in noise has been concen-

trated thus far at the Research Institute of Sound and Picture -

VTTZORT, Plzenska 66, Prague 5. Detailed descriptions of the methods

and results of these investigations have been regularly published in

the internal Research Reports of the Institute. Dr. Ivo Januska, who

is conducting this iesearch at VUZORT will present a paper on the topic

"Influence of the mutual position of speech and noise sources on speech

intelliqibility in noise" at the ]Ith International Conqress on Acoustics



in Paris, July 1983. In the following report, research conducted at

VUZORT is briefly summarized.

VUZORT has conducted research on the influence of noise on speech

since the sixties. The research topics were as follows: intelligibility

of Czech speech masked by white noise, statistical distribution of

speech levels, loudness of speech, and influence of room acoustics and

background noise on speech perception. The most recent study was con-

cerned with the combined effect on intelligibility of reverberation and

noise coming to the listener from various directions.

Intelligibility of Czech syllables was measured in three reverb-

erant conditions (T = 0, 0.4 and 2 s) for noise arriving to the listener

from the front, left side, back, and above. White noise and octave

band of noise with levels varying between -20 and +20 dB relative to

the signal level were used. Speech at levels of 60 or 70-dB SPL was

presented to the listener always from the front. A representative

sample of values obtained is shown in Table I. Mean scores were obtained

Table I. Mean scores of correctly identified Czech syllables
(in percent) for signal-to-noise ratio equal to 1. White noise
was presented to the listener from various directions (from the
front, behind, left side, or above). The speech was coming al-
ways from the front. Rooms with three reverberation times
(anechoic room, and T = 0.4 and 2.0 s) were used.

Direction of the noise source
T in s Front Side Behind Above

Anech. Rm 40 81 82 77

0.4 39 61 67 54

2.0 24 46 46

when both speech and noise levels were equal to 70 dB. The correlation

betwen larger reverberation, and lower scores can be seen. The impor-
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tance of relative positions of the signal and noise sources observed ji

the free field has been retained in the reverberant field. When the

positions of the speech and noise sources coincide, the scores hove tie

lowest values.

Wide-band white noise always reduced scores more than any of the

octave-band noises. The effect of reverberation for band noises was

similar to wide-band soise. However, in the case of band noises, the

best scores were obtained when the noise source was above the head and

not in the rear as was the case for the wide-band white noise.

The effect of octave-band noise was dependent on the center fre-

quency of the band. The order of octave-baud noises from most detri-

mental to the least detrimental was found to be 2.0, 1.0, 4.0, 0.5, 8.0,

0.25, and 0.125 kHz. The relatively large effect on intelligibility of

noise at 8.0 kHz was surprising. Januska attributed this to greater

annoyance of high frequency noises as compared to annoyance of middle

and low frequency noises.

It is possible, and indeed probable, that the limited time avail-

able for exchange of information prevented us to collect more data on

publications on noise and communication which have appeared in Slavic

languages. It is our feeling that additional studies have been con-

ducted which have not appeared yet in formal publications. Those who

would like to obtain updated information in the future should contact

the Czechoslovak Academy of Science, Acoustical Commission, Provaznicka 8,

110 00 Prague 1 - Stare Mesto, Czechoslovakia, attn. Prof. Felix Kolmer,

Dr. Sc. We have not as yet identified anyone in Poland who is currently

interested in research related to speech perception in noise.



STANDARDIZED METHODS FOR MEASIIRIN, SPEECH LEVELS

Pearsons, Karl S.

Bolt Beranek and Newman Inc., 21120 Vanowen Street, Canoga
Park, California 91305

Currently no standard method of determining speeell lev,-Is

r-xists, However, several systems do exist which are used for

that purpose. Among the various instruments currently used

for measuring speech levels are the VU meter, the graphic

_,v-l recorder, the sound level meter, the sound spectogram

fIli 0th integrating sound level meter. Although some st-,-

dor-i have existed for some of the instruments, such as the

7 meter ao ii the sound level meter, no technique has been

standardized for, their us,- in measuring speech levels.

Th 1 ( lty it measuri speech is mainly due to its

S .imc rnie whi ch i s ,-ost 30 dB. In ot'ndards

-' rpeh ieve such ". e articulation index cal-

! (rrj (ALT 513.5,-i rg) , reference- !o moVdr in the

47>v !'It is ve'ry diff'icult to meac.uno l.

4 ." r'o:ein', odi nc" o)n a1 nrund level aete n n a 7'
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problem because of the large dynamic rango involved and the

difficulty in determining the average level as depictpd in

Figure 1.

2

10 dBI! .. .. 1 _ _

FIGURE 1. TIME PATT? R" nF nPEEKH ("FAST METER?)

Some improvements r.y be obtained by slowing the writirg

speed to equiva] nt of "slow" sound levol meter as shown in

Figure 2, but th, variation is still F dB. Thp sound specto-

gram is another technique used tn measure speech, however, it

only provides the temporal and spectral details of speech

rather than providing an overall measure of vocal output.

One metric which purports to measure speech is ieq obtained

using an integrating sound level meter or computer. This

measure shows some promise, however no standard techniques

are currently available for its use.

10 dB

FIGURE 2. TIME PATTERN OF SPEECH ("SLOW ,ETE.R")

4(1



DIFFICULTIES AND PROBLEMS

Speech comes in many forms, including continuous dis-

course, word lists, sentence lists with long pauses between

sentences, and causal conversation. All of these forms

encompass various amounts of pauses. Naturally, the greater

the pause the more the error In determining the measure of

speech. Another problem has to do with the amount of back-

ground noise in which the speech is embedded. Many times

speech is used in relatively noisy situations and it becomes

difficult to determine the long-term RMS level of the speech

without the contamination of the background noise.

Many of the measures mentioned above are adequate for

setting levels in an experiment. The VU meter on a tape

recorder although not standardized may serve the purpose of

setting a level on a carrier phrase associated with a word

list. The speech from a different word list could then be re-

set at the same level. A sound level meter may provide a way

of noting a 10 dB increase in speech level. However, when

comparing levels between different experiments or between dif-

ferent labs these measures are not sufficiently repeatable.

Ideally, the standardized measures should be simple and

be minimally affected by background noise, or pauses. Some

simple approaches using sound level meters have been sug-

gested in some standards involving speech intelligibility.

Table I summarizes such techniques. Basically both

techniques measure the average of speech peaks on a sound

level meter set on the "slow" scale. One uses C-weighting

and the other A-weighting, but the net result should be the
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same since the difference In normal speech level between A and

C-levels is 3 dB which is the number specified in Table I

necessary to correct the C-weighted result to the long term Rr4.

TABLE I. SPEECH MEASURES USED IN STANDARDS

" I' '' f r 7 l: l N 'rp i : .3 §U' .. - " l , ': . S !U" '"].. -

COMPARISON OF MEASURES

Recently Steeneken and Houtgast (1978) have explored the

relationships between various measures. The comparison was

done to select "preferred" measures based on repeatability,

influence of pauses, background noise, and relation to in-

telligibility. The tests used continuous discourse and test

words embedded in a carrier sentence of two to three words.

The A-weighted measures covered a smaller range than un-

weighted measures when adjusted for equal intelligibility.

The peak measures were less affected by pauses and background

noise than the others. All measures except peak reading

measures using the sound level meter, or graphic level re-

corder, were quite reproducible with estimated variations less

than 1 dB. An Indication of some of the preferred measures

are shown in the left hand portion of Figure 3.
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FIGURE 3. COMPARISON OF VARIOUS MEASURES FOR CONTINUOUS
SPEECH

The figure also indicates relations between the various

measures assuming that the RMS measure is 65 dB. Note that

the Equivalent Peak Level (EPL) is about 10 dB higher than

the RMS value. Other tests shown on the figure indicate a

similar difference, but with a slightly lower value of 8 or 8.5

dB. Details of the EPL measure will be discussed later.

Difference between RMS and A-weighted measures averaged

about 4 dB. The figure also indicates a difference between

RMS and one of the approximations outlined in Table I. The

approximation is about 2.5 dB below the calculated RMS value

for a male talker, and 4.5 dB for a female talker using a

variety of tests ranging from continuous discourse and word

lists to nonsense syllables. The data on which these dif-
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ferences are based also indicate a larger sp)read for the

female voice level.

Further comparisons between A and C-weightings are shown

in Figure 4 (Pearsons Bennett & Fidell, 1977) in which dato

for 100 subjects taken at local efforts of causal to shout are

presented. Note that as vocal effort increases the difference

between A and C is reduced. For shouting levels, there Is

no difference between A and C-weighted levels.

•~~~ A1 , • AED

L 
I
uf S11 , , !

FIGURE 4. DIFFERENCES BETWEEN OVERALL AND -WEIHTED ,SOUND
PRESSURE LEVELS OF SPEECH

As mentioned above, speech normally is measured for

periods of 10 seconds to provide stable readings. However,

some interest exists In determining the extent that people

raise their voices during short term events such as truck

passbys, or aircraft flyovers. Clearly, the 10 second samples

would be too long for such measures. Therefore, speech

measurements averaged over 2 seconds were tried. Although

not as stable as the results of the 10 second samples, these
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speech measures did indicate that people do raise their

voices during short duration events. Figure 5 shows the

speech levels occurring during the reading aloud of a news-

paper article. The subjects wore ear phones and were

presented with sounds as indicated in the lower part of

Figure 5. Notice that the subjects did indeed raise their

voices as the background noise grew in amplitude and lowered

their voices as the background noise subsided.

SPEECH

75 -

6. 0

4511II

0 50 00 50 200 250 3W

BACKGROUND

S 75

70 -

SI I

0 50 100 150 200 250

FIGURE 5. EFFECT OF BACKGROUND NOISE ON SPEECH

A summary of all results for all subjects and backgrounds

shown in Figure 6 indicates that the voice level measured over

a 2 second period increases by about 3.6 dB for each increase

of 10 dB In background level.
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FIGURE 6. OBSERVED RELATIONSHIP BETWEEN SPEECH LEVELS
AND BACKGROUND NOISE

A SUGGESTED STANDARD METHOD

Because of the many methods currently used to measure

speech levels, a working group in the United States has set

forth to develop a standard method. The group is currently

considering the EPL and a long term RMS method. Although the

RMS or Leq measures may be familiar, the EPL may not be as

familiar.

The EPL was developed by Brady (1968) to provide a stable

measure with minimum effects of pauses and background noise.

One way to eliminate the effects of pauses is to set a

threshold such that only levels above the threshold are con-

sidered. Unfortunately, speech is of such a large dynamic

range that the resulting speech level depends on the threshold

level selected. Brady noted that the distribution of speech

level is log-uniform. That is, the percentage of levels

10 dB below the peak is the same as the percentage of levels

4'2



found 20 and 30 dB below the peak. As indicated in !igure 7,

for an ideal situation the peak may be determined by nea:3uring

the average above some arbitrary threshold, doubling it and

adding the threshold to the result. Note that if another

threshold were selected, the resulting peak level remarn:; tho

same. Thus as long as the distribution is uniform any thre.s-

hold may be selected. If an RMS measure of pressure, in;t<r

of the average of intensity, was used, then the amow :,dd

to attain the peak is different, but nonetheless determinable.

o IC.

T TX X p Level

P = T + 2 (X- T)

FIGURE 7. PEAK ESTIMATION FOR UNIFORM DISTRIBUTION

Figure 8 shows the result for such a measure. The measure

using the average intensity is also shown indicating that if

the average level is 10 dB above threshold, then the peak or

EPL is 20 dB above the threshold. However, if the RMS of the
2

pressure is determined, instead of average intensity (P

then for a true log-uniform distribution 15.7 dB is added to

the threshold. Since some deviation from a true log-uniform

distribution exists in speech samples at levels close to the

peak, then an "empirical" three segment relation is used as

indicated by the upper curve in Figure 8. ising this relation,

4-1



the amount to be added to the threshold if an RMS pressure

value were 10 dB above threshold would be 14.8 dB. Further

details of the EPL calculation are given in the Appendix.

FIGURE 8. MEASURED AND PEAK VALUES OF SPEECH ASSUMING LOG-
UNIFORM DISTRIBUTION

Long term RMS levels may also be used to provide a measure

of speech. However, the sample must be at least 10 seconds

long with no pauses and a noise level at least 35 dB below

the speech peaks. If these qualifications are not met, then

EPL should be used. The standard would also specify a simple

sound level meter technique such as mentioned in Table I to

provide an inexpensive method to determine speech levels.

However, it is hoped that the EPL technique, if standardized,

can be made available in a self-contalned instrument to s ir]1fy

and reduce the cost ol' EPI, meas urements.
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APPENDIX - STEPS FOR DETERMINING EQUIVALENT PEAK LEVEL

EPL may be determined by computer with an analog to digi-
tal converter capable of sampling at least 200 samples per
second using the following steps:

1. Choose a threshold T between the noise level and the peaks
of the speech. (A Threshold 15 to 20 dB below the ex-
pected EPL works well; but the choice is not critical,
since threshold independence of EPL typically holds over a
threshold range of over 30 dB).

P. Measure the average pressure squared for only those pres-
sures that exceed T.

3. Convert this measurement to a decibel measure (10 Logp 2/p2 re ).
ref"

4. Obtain D = rms minus T. (T must also be expressed in
decibels). Then compute a value A from D.

a. A = (D-2.75)/0.4, for D < 6.75.
b. A = (D/0.675, for 6.75-< D < 13.5.
c. A = (D+2.88)/0.819, for D > 13.5.

5. EPL = T+A.

To facilitate the selection of a threshold in step 1, cal-
culate EPL for three fixed thresholds 10 dB apart and choose
one. For illustration, call the highest threshold zero the
next minus 10 and the lowest minus 20. Under ideal conditions,
these three values should be very close, but noise and/or
speech output out of range (very high or very low) may in-
validate one or more values. The following arbitrary al-
gorithm is used to choose which EPL to select:



1. Look at EPL for the highest threshold (zero). if tlithr,
were sufficient samples above T (at least 100 for a 0;
sampling rate) and if the EFL i: at least I" dB aw.cv 7,

choose this EPL. Otherwise go to step 2.

2. Look at EPL for T = -10 and repeat step 1. If EPL for
I=-10 does not qualify do step 3.

3. Look at EPL for T = -20. If there were sufficient
samples, print it regardless of value. If there were
insufficie-.t samples, print out a "null reading
message."

The above algorithm attempts to select an EPL of between
12 and 22 dB above threshold. Noise rejection is incorporated
by choosing the highest threshold satisfying the range con-
dition.



EXPERIMENTAL VERIFICATION OF THE STI: A VALID BASIS FOR SETTING INDOOR
NOISE LEVEL CRITERIA

Houtgast, T. and Steeneken, H.J.M.

Institute for Perception TNO, Suesterberg, The Netherlands

INTRODUCTION

Indoor speech intelligibility may be hindered by both interfering

noise and room reverberation. Therefore, setting limits for tolerable in-

door noise levels with respect to speech communication must be based on a

concept which accounts for the combined effect of noise and reverberation.

One such concept is that based on the STI (Speech Transmission Index).

At the 1978-meeting in Freiburg, this approach was adopted for deriving

indoor noise level criteria in relation to indoor speech intelligibility

(Houtgast, 1978). Since that time, numerous experiments on speech intel-

legibility have been performed which allow a verification of the signifi-

cance of the STI for a wide variety of conditions. It will be shown that

these experimental data, which are summarized in this paper, emphasize the

relevance of the STI-concept and, consequently, of the indoor noise level

criteria as derived in the paper mentioned above.

RECAPITULATION OF THE STI-CONCEPT

The Speech Transmission Index reflects the influence of a speech

transmission path on speech intelligibility. It is based on the Modulation
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Fig. 1 - A speech transmission path can be characterized by the Modula-
tion Transfer Function, quantifying the degree of preservation
of the original intensity modulation as a function of modulation
frequency. An additional parameter is the center frequency of the
(octave-band filtered) noise carrier. These data are converted
to the STI. (Houtgast et al., 1980.)

Transfer Function (MTF) which characterizes the detrimental effect of a

sound transmission path on the temporal envelope of the original signal.

A full treatment is presented in Houtgast, Steeneken and Plomp, 1980. The

principle is illustrated in Fig. 1. For a test signal generated at a

talker's position and received by a microphone at a listener's position,

the quality of sound transmission can be characterized by the degree of

preservation of the intensity modulations of the original signal. Para-
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meters are (1) the modulation frequency F (typically from 0.5 up to 16 Hz)

and (2) the frequency band of the noise carrier (typically an octave band,

with center frequency from 125 Hz up to 8 kHz). Such a set of data on mod-

ulation transLer can be converted into the STI, reflecting the effect of

that sound transmission path on speech intelligibility.

With special equipment, the MTF and the STI can be obtained from direct

measurements. Also, in case a condition is specified physically (for in-

stance, a given speech level, noise level and reverberation time), the MTF

and the T may be obtained from calculations. This latter approach was

a lopteio in de rivi ng the indoor noise level criteria aiven in Houtgast (1978.

It should be emphasized that the STI does not predict speech intel-

ligibility as such since, obviously, thia involves other aspects as well,

like the properties of individual talkers and listeners and of the speech

material. Hence, experimental -erification of this -oncept implies that

when these additional aspects are constant (same group of talkers and

listeners, same type of speech material) we demand a unique relationship

between STI and speech intelligibility, irrespective of the specific na-

ture of the transmission channels involved. This is the essential aspect

of the STI: it has been designed to account correctly for a large variety

of piii, I isturlancs, either in isolation or in combination (i.e.,

noise interference, reverberation and alao distortion, bandpass limiting

irnd others). ri view of the perspective of this paper-, we will concen-

trate cin t( experi rental verification of the ST-concept mainly in case

of noise interference an] reverherati.

THR IMt: I VERt(ATION OF TflE ST I -CONCEllp

'-paper ((~lv t,,et, 1)78) , th-1 cxl-rijenlltl verificat ior cf

on the neOt Ci d f ta aviilable a that ti o (1-i.?q



2

5

20-

50-

10
0 0.2 0.4 0.6 0.8 1.0

STI
Fig. 2 - First experimental verification of the relation between the STI

and an intelligibility score (Articulation Loss of Consonants)

for a set of auditorium-like conditions. (Houtgast, 1978.)

which was limited in many respects. it concerned a combination of only two

types of disturbances (noise and reverberation), only one type of noise

spectrum was considered (speech-shaped), it concerned one specific meas--

ure of speech intelligibility (consonant score in case of well articulated

word lists) and, finally, only one language was involved (Dutch). All

these aspects have been considered in later experiments, the results of

which %:ill be briefly summarized.

Including other noise spectra (Fig. 3)

One example referring to other than speech-shaped noise is adopteJ

from a study of Pols, 1981, investigating the intelligibility of conso-

nants in conditions of noise and reverberation. The data in Fjq. refer

to one type of reverberation ('1 = 0.1 sec) , in comlination with1 five

• • • • m~ ~ ~~. ii i ii
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Fig. 3 - Illustration of the applicability of the STI fn case of a consbina-
tion of reverberation (T = 0.5 sec) and interfering noise with

variou spectral shapes (Pols, 1981).

types of noise spectra. For the speech-shaped noise five levels were won-

a iered, and for the other types of noise two levels. The iesults indicate

that, essentially, The relation between the STI ind tnteilioibility sccnes

K; not violated when .:onslidering other Lharn speech-shaped noise.

Considering additional types of jisturnances 'Fiq. 41

a study by Steeneken and Hour-ast, .180 he A D y i :

.TI-approach to a wide variety of speech cossluniicat;ion c'.lori 4was in-

;estiqatpd. n total, 167 ch,L,"Ia.; were considered Incu1no bandpass im-

..- ng, noise, peak-clippin i, automatic gain control ind 'c,,,er I:

,r these channels both STI measurnent ind into i Aiiny Ii' sel :irloir a

vith Phonetically Balanced word list; iPB-wor i sco-', re e"riel.

"ii. 4 Al]ust'ates that A inique 791at nell. r'-s,--. " 1 i "'
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Fig. 4 - Relation between STI and PB-word score for conditions with noise
(N), bandpass limiting (BP), peak clipping, automatic gain con-
trol and reverberation. (Steeneken and Houtgast, 1980.)

intelligibility score is maintained also for (combinations of) disturb-

ances other than noise and reverberation.

Untrained subjects, outside the laboratory (Fig. 5)

In a series of field trials, the influence of traffic noise on speech

intelligibility in classrooms was studied (Houtgast, 1981). In each class-

room, the teacher read out a specially designed list of test words, and

the pupils served as subjects. The pooled data are plotted as a function

of the actual noise level during the individual test words.

Fig. 5 indicates that the results of this field study fit in with the

STI-concept: the intelligibility scores agree well with the STI prediction
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Fig. 5 - The Articulation Loss for consonants obtained in classrooms as a
function of the noise level relative to the speech level (both
in dB(A)). The two solid cjurves refer to the right-hand ordinate
(STI), the relation between the two ordinates being dictated by
Fig. 2. (Houtgast, 1981.)

for classrooms with reverberation times between, typically, 0.7 and 1.5

sec.

Sentence intelligibility and hearing-impaired subjects (Fig. 6)

A study of Plomp and Duquesnoy (1980) involve two new aspects in the

experimental verification of the STI-concept (see also Plomp, Duquesnoy

and Smoorenburg, this volume). First, the speech material consists of



F-
VJ) 

_

0.2 05 01 02 05 1 2 5
T Wecd

Fig. 6 - The solid curves represent the STI as a function of reverberation
time, with SIN ratio as parameter. The data fitted by the hori-
zontal lines give the average speech-reception threshold for a
reference group (plus symbols) and four groups of hearing imn-
paired subjects. (P10mp and Duquesnoy, 1980.;

simple sentences rather than test words and an Adaptive procedure LS do-

plied to determine that speech-to-noise ratio at wnicn S of the sen-

tences are understood correctly *the ioeech-recppt'wt Inr-rhold. ;econd,

the study involves groups ot heartnq-inoaired no'evvq~.. .sr n e ef-

fect of reverberation on Whe -7eenh coceslcit'ooi ; 1 -,

that within each group the condition or . 0o WMACO Mt?!:!qii - I V Mr-

responds. to a fair approximation. '-2 Asnt, T-ie - Inln

each group, the STI is uniquely related to n

irrespective of the relative amount A is U

These data suggest that the relevance of ne -"'' extends , n ie

intelligibility and to the hearaii inca r'-d -of ne0 '120 i'eqticTteo inT
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the study referred to).

Considering other languages (Fig. 7)

In a paper to be published by Houtgast (1983), data are reported on

16 (essentially auditorium-like) conditions, for which intelligibility

measurements were performed in various countries. Also, these conditions

were subjected to measurements according to the STI-approach. (A simpli-

fied method was applied which may serve as a screening method for audi-

toria and results in an index named RASTI: the Room Acoustics Speech

Transmission Index.) One example of the experimental results is given in

Fig. 7. The data along the ordinate include seven different languages and

represent, essentially,the average rankorder of the 16 conditions as de-
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Fig. 7 - The relation between RASTI-values (this is a simplified version
of the STI) and the mean data for seven languages as obtained
for 16 auditorium-like conditions.
f only noise, o only reverberation, 0 noise anJ reverberation.)
From Houtgast, 1983.



rived from each individual language-specific articulation test. There is

a good fit between these 'language-averaged' intelligibility data and the

RASTI-values, with no discrepancy between the different categories of con-

ditions involved.

These data suggest that the relevance of the STI-approach, which was

originally tested for the Dutch language only, is not language specific.

CONCLUSIONS

The STI was developed to reflect the effect on speech intelligibility

of a sound transmission path between a talker and a listener, irrespective

of the nature of that transmission path. The experimental verification

available at present proves the STI-concept being broadly valid: in ad-

dition to noise and reverberation it accounts for various other types of

disturbances as well, the spectral shape of the interfering noise is not

critical, it applies to various types of intelligibility scores of trained

or untrained as well as hearing-impaired subjects and appears to hold for

languages other than Dutch.

The significance of the indoor-noise level criterion as specified in

Houtgast (1978), which was based on the STI calculation scheme, is strong-

ly supported by the present data. Therefore, that criterion will be brief-

ly recalled and generalized.

In a room one can specify a critical level. When setting limits for

indoor noise, this critical level may serve as a lower limit: noise at

lower levels does not effect speech intelligibility, irrespective of the

characteristics of the individual talker or listener (including the hear-

ing impaired), irrespective of the contents of the speech (e.g., redun-

dancy) and irrespective of the talker-to-listener distance.

This criticail level L is defined by (1) the speech level to be ex-
cr
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public communication private communication L (I m front) dB(A)sp

raised 71
normal 65

raised 62
relaxed 59

normal 56
relaxed 50

3
pected, L (I m front) as specified above, (2) the room volume V in m

sp

and (3) the reverberation time T (not outside the range of 0.5 to 5 sec):

L = L (0 m front) - 10 log V + 17 log T + 8 dB.cr sp

For interfering noise with a spectral shape similar to that of speech,

L applies to the A-weighted noise level. For noise with a divergingcr

shape, L applies to (SIL + 8), where SIL'is the Speech-Interferencecr

Level: the arithmetic mean of the noise levels in the octave bands centered

at 500, 1000, 2000 and 4000 Hz, respectively.
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EFFECTS OF NOISE AND REVERBERATION ON TIlE SPEECH-RECEPTION TH(E)H I F

HEARING-IMPAIRED LISTENERS

Plomp, R., Duguesnoy, A.J. and Smoorenburg, G.F.

Faculty of Medicine, Free University, Amsterdam, and

Institute for Perception TNO, Soesterberg, The Netherlands

INTRODUCTION

The difficulties for normal-hearing subjects in understanding speech

in noisy and/or reverberant environments are found again, and much strong-

er, for hearing-impaired listeners. In recent years we carried out a

series of investigations on the speech-reception threshold for sentences

as a function of background-noise level. Some main results are presented

below. As this research programme is still going on, this paper should be

considered as a progress report. Space does not allow to refer to work by

other investigators for which the reader should consult the review in

Plomp (1978) and the other publications listed dt the end of this paper.

HEARING LOSS FOR SPEECH IN NOISE AS A FUNCTIO]N OF NOISE LEVEL

Hearing loss for sueech is terineld nore n'ie C-eech-recention thresh-

old (SRT) for sentences (50%-correct score, relative to the speech-recep-

tion threshold for younu, normal-hearing subjects, measured for the same

condition. SRT is, over a larqe ranie, almost exclusively determined by

the speech-to-noise (S/N) ratio. interpretino 'he absolute hearing thresh-

old as having its origin in ,nternal noise in the ear, the SPT for normal-

hearing subjects can be Lepresented (Plomp, L97H) by
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SRT = 10 log10 + 10 LN-ALSN , )

where L = SRT in quiet in dB(A);
L sound level of the noise in dB(A);N

AL SN = number of decibels that SRT in noise is below L (= S/N ratio
with opposite sign). N

This equation holds both for monaural and binaural listening (directional

effects excluded); the only difference is in the values of Lo and ALSN.

The lower curve in Fig. 1 represents SRT for a listening condition

representative of everyday situations, with L =16 dB(A) and AL sN=8 dB.

(Throughout this paper the speech level is the long-term average intensity

of the test sentences.) The dashed curve represents the SPL of speech in

face-to-face conversation at a distance of 1 m (van Heusden, Plomp and

Pols, 1979). This curve demonstrates that people increase their voice

80
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oz 50o-

W 30-U

S20c

S10-

1 I I A. _L00 20 40 60

SPL of the noise in dB (A)

Fig. 1. Binaural speech-reception threshold for sentences, reproduced over
a loud-speaker at a distance of 1 m in front of the listener, as a func-
tion of the level of diffuse noise with a spectrum which is the same as
the long-term average spectrum of the sentences. The lower solid curve re-
presents normal hearing (equation 1), the other ones hold for hearing

losses for speech as indicated (equation 2). The dashed curve represents
the average sound-pressure level for conversational speech.

Jmi



level automatically when interferin;; noise is present.

The remaining three curves of Fig. I illustrate the effect of hearing

loss on SRT. Any hearing loss for speech can be interpreted as a combdina-

tion of two component parts belonging to different classes: class A, com-

parable to attenuation of all sounds entering the ear, and class D, compa-

rable to distortion of these sounds. A hearing loss of class A means an

equal shift of the lower curve ot iq. I along both axes (45c) , corres-

ponding to a hearing loss for speech in quiet of, say, A dB and no hearing

loss for speech at high levels of the interfering noise. A hearing loss of

class D can have its origin in a deterioration of the ear's frequency-

analyzing power, a specific loss for the high frequencies, etc., requiring

a higher S/N ratio both in quiet and in noise; this means that the thresh-

old curve is shifted vertically over, say, D dB. In Fig. 1 SRT curves are

plotted for a class-A loss of 30 dB, a class-D loss of 10 dB, and the com-

bination of those two losses. They are given by the following extension of

equation (1):

1 0 g[ 1 0 (Lo+A+D)/ +0 (LN-ALsN+D)O/10 (

where A+D = hearing loss for speech ii quiet in dB;
D = hearing loss for speech in noise in dB.

This formal distinction between class-A and class-D hearing losses should

not be confused with the traditional, anatomically oriented, distinction

between conductive and sensorineural hearing losses. For purely conductive

losses D=0, for sensorineural losses the ratio D/(A+D) can vary to a con-

siderable degree. Furthermore, equation (2) should be seen as a first-

order approximation, with the underlying assumption that D is independent

of noise level, which may not hold for particular (sloping) audiograms and

in case of recruitment.

1y comparing the two curves labeled clasF, A and class ) with the



dashed curve,. the very different nature of the corresponding handicaps is

apparent. The curve for A=30 d represents a considerable loss at low

levels, but above about 55 dB(A) hearing is almost normal. The curve for

D=10 dP, however, represents a minor hearing loss at low noise levels, but

means a substantial handicap above 55 dB(A). In the latter case conversa-

tional speech at a normal voice level will not be understood at noise

levels beyond about 52 dB(A), whereas this limit is about 68 dB(A) for

normal-hearing subjects. This illustrates that, in addition to the hearing

loss in quiet, it is very important to know the hearing loss for speech in

noise.

The midel given by equation (2) can be extended easily to include the

case of the hearing-impaired subject provided with a hearing aid. The

aid's acoustic gain has t- he subtracted from the attenuation loss A and

its distortion effect in terms of S/N ratio has to be added to D. Since

the hearing aid amplifies both the wanted speech signal and the interfer-

ing noise, it. does not improve S/N ratio and, therefore, it in K V;, t

cases not effective at noise levels beyond about 55 dB(A) (see for experi-

mental data Duquesnoy, 1982; Duquesnoy and Plomp, 1983).

In an extensive study, Duquesnoy (1982) found that equation (2) fits

the measured data points quite satisfactorily, indicatinq that only two

numbers, A and D, are sufficient to describe hearinq loss for speech as a

function of noise level. In earlier experiments (Plomp and Mimpen, 1979b)

SRT was investigated as a function of age. Figure 2 represents the results

for 140 male subjects, with age as the parameter. The 50?- orrect thresh-

olds were measured for carefully prepared sentence lists in an adaptive

procedure (Plomp and Mimpen, 197qa) with the spectrum of the interferinq

n00Ke made equal t(o, the long-term avyaei, s( trum n the sentences. (This

spe t rum was 'wison in erie; In '(-t Main ZPT "l" V' Ie reproesntat ive c'I th,
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Fig. 2. Median values of the speech-reception threshold for sentences as a
function of noise level for the individual eais of seven groups of 20 male
subjects each. The curves represent the best-fitting curves according to
equation (2) (Plomp and Mimpen, 1979b).

condition of many competing speakers, and was applied in all further ex-

periments referred to in this paper.) The diaoram shows that, whereas

hearing loss for speech in quiet (=A+D) increases up to about 26 dB for

the 80-89 year subgroup, hearing loss for speech at high noise levels (=D)

increases up to about 7 dB. For this group and a group of 72 female sub-

jects (age 60-96) the effect of age on the hearing loss for speech in

noise is summarized in Fig. 3. We see that the percentage of people with D

exceeding a certain value increases rapidly with age, demonstrating that

hearing handicap in noise is primarily a problem of the aged.

One should not he misled by the fact that the values of D see, in Fi's.

2 and 3 seem to be rather small. We should realize that the pe-centaqe of

correctly understood sentences increases very rapidly with S/N ratio, 15E1

to 20% per dB. This means that s hearing loss foc speech ,r noiit ,f only

3 dB or more, which is shared hy more than 4C! at the aqf, of ,q (Fiq. 0)

• m m m a n | It
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Fig. 3. Average percentage of population with a hearing loss for speech,
D, exceeding 1, 2, 3, .. .. , 8 dB, respectively, as a function of age.

makes it almost impossible to follow a conversation at an S/N ratio just

tolerable to normals.

In further experiments the effects of other parameters on the SRT in

noise were explored: the gain of having fluctuating rather than steady-

state noise, and the benefit of binaural hearing with a directional sepa-

ration of the test sentences from the noise (Duquesnoy, 1982). It was

found that the advantage of these parameters is much greater for normal-

hearing listeners than for aged subjects; in both cases average differen-

ces as large as about 7 dB were observed. This demonstrates that the de-

terioration of the auditory function with age results in a very serious

hearing handicap in noisy environments.

THE EFFECT OF REVERBERATION

During the previous congress in Freiburg the role of the modulation-

transfer function (MTF) in predicting the combined effects of noise and
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reverberation on the speech intelligibility of normal-hearing listeners

was briefly explained by Houtgast (1980). A more extensive treatment can

be found elsewhere (Houtgast et al., 1980; Plomp et al., 1980; Wattel et

al., 1981; van Rietschote et al., 1981; Steeneken and Houtgast, 1982; van

Rietschote and Houtgast, 1983; see also Houtgast, this volume).

From the MTF between the location of the speaker to the location of

the listener a single measure can be derived, the Speech-Transmission In-

dex (STI) which appears te correlate excellently with speech intelligibi-

lity.

The success of this approach for normal-hearing subjects raised the

question of whether the concept of D as a measure of the hearing loss for

speech in noise can be extended to include the effect of reverberation

too. This was studied (Duquesnoy and Plomp, 1980) for the condition that

the listener is at a large distance from the speaker in a room with a dif-

fuse sound field. In this case STI depends only on S/N ratio and reverber-

ation time.

Recordings of the test sentences were made for various reverberation

times up to T=2.6 sec. With these sentences the monaural speech-reception

threshold of elderly subjects was determined, with the interfering noise

fixed at a level of 52.5 dB(A).

The results are plotted in Fig. 4. The solid curves in this diagram

represent STI as a function of reverberation time, with S/N ratio as the

parameter. If the SRT values (= S/N ratios for which 50% of the sentences

are understood correctly) for different reverberation times can be fitted

by a horizontal line, we may conclude that STI is a good measure of the

combined effects of noise and reverberation. The different symbols repre-

sent average values for a reference group (20 normal-hearing subjects, the

plus symbols) and four groups of hearing-impaired subjects (14 to 29 per
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Fig. 4. The solid curves represent STI as a function of reverberation
time, with S/N ratio as the parameter. The data points fitted by the hori-
zontal lines give the average speech-reception threshold for sentences for
a reference group (plus symbols) and four groups of hearing-impaired sub-
jects (Plomp and Duquesnoy, 1980).

group) with increasing difficulties in understanding speech disturbed by

reverberation. The fair agreement between the data points and the horizon-

tal lines indicates that the trade-off between noise and reverberation

given by the STI measure also holds for the hearing impaired (at least for

the case of presbycusis investioj.ated in this experiment).

This finding means a generalization of the rule that, without reverbe-

ration, every 3 dB of hearing loss for speech in noise can be compensated

for by increasing STI by 0.1 (compare the S/N ratio in Fig. 4 with the or-

dinate scale). This rule also allows conditions with reverberation: the

empirical finding that the acoustical conditions for understanding speech

are fair for STI >0.45 and good for STI >0.6 implies that the correspond-

ing values are 0.55 and 0.7, respectively, for subjects with a hearing

loss for speech in noise of 3 dB, etc.
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The higher STI values required to compensate for the hearing loss for

speech in noise on the part of hearing impaired listeners can be achieved

by improving S/N ratio and/or by reducing reverberation time. The S/N ra-

tio increases when the speaker raises his voice level and when the handi-

capped listener shortens his distance to the speaker. The best way, how-

ever, of helping the hearing impaired is by reducing reverberation time.

The following rules-of-thumb were calculated for two rather diverging con-

ditions (Plomp and Duquesnoy, 1980): (1) in auditoria, classrooms, etc.

most listeners are situated in the indirect sound field of the speaker and

of the interfering noise sources; in this case the reverberation time T

just acceptable for normal-hearing listeners has to be reduced to (0.75)D T

in order to be equally acceptable to elderly subjects with a hearing

loss for speech in noise of D dB; (2) in lounges, restaurants, etc. with

the listener at such a short distance from the speaker that only the di-

rect sound has to be considered, the situation is more favourable; in this

case T has to be reduced to (0.82) DT.

It may seem that these reduction factors for T of only 0.75 and 0.82,

respectively, are a rather high price to pay for compensating for a hear-

ing loss for speech in noise of only 1 dB. However, in terms of the per-

centage of subjects benefitting, the effect is quite substantial, see the

vertical distance between each pair of successive curves in Fig. 3.

THE EFFECT OF NOISE-INDUCED HEARING LOSS

In a preliminary investigation (Smoorenburg, de Laat and Plomp, 1982)

a group of 22 subjects with a noise-exposure history was tested. For left

and right ears separately, the tone audiogram and the SRT as a function of

background noise level were measured. From the latter data the D values

after equation (2) were derived.
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Fig. 5. Average hearing loss for speech in noise, D, as a function of the
average value of the pure-tone hearing losses at 500, 1000, and 2000 Hz
for the individual ears of 22 subjects with a noise-exposure history
(Smoorenburg, de Laat and Plomp, 1982).

In Fig. 5 a scatter diagram of the values of D for the 44 individual

ears as a function of the hearing loss for tones averaged over 500, 1000,

and 2000 Hz is given. This is the well-known PTA (pure-tone average) pro-

posed by the American Academy of Ophthalmology and Otolaryngology (AAOO)

as a measure for the disability "to hear everyday speech under every day

conditions". According to AAOO hearing is considered to be impaired if the

PTA exceeds 25"dB. This would imply that in Fig. 4 for all ears except one

no hearing handicap should be expected.

It is obvious that this measure, exclusively based on hearing loss in

quiet,is much too optimistic for predicting the hearing handicap in noise.

In our opinion, hearing loss for speech exceeding D=3 dB cannot be toler-

ated from a hearing-conservation point of view. Expressed in hearing loss

for tones averaged over 1000, 2000, and 3000 Hz (a better correlate of D

than PTA), this average should not exceed 15 dB. It should be realized

that this value only holds as a group average. As Fig. 5 illustrates, the
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correlation between D and the tone audiogram measured is so poor, that

predictions of the hearing handicap for the individual should be based on

the speech-reception threshold in noise rather than on the tone audio-

gram.
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ACOUSTICS OF ENCLOSED SPACES FOR LINGUISTICALLY IMPAIRED LISTENERS.

Nabelek, A. K.

Department of Audiology and Speech Pathology, University of Tennessee,
United States

INTRODUCTION

It has been recognized and well documented that listeners with

impaired hearing are effected by noise and reverberation at levels which

are not detrimental for listeners with normal hearing. It is also

apparent that the elderly can be adversly effected by less than perfect

listening conditions. In case of the elderly, the perceptual problems

are a combination of elevated pure tone thresholds and other deficiencies

in sound analysis, such as a growing difficulty in proper differentiation

of complex stimuli. Since the hearing impaireds and elderly can profit

from improved listening conditions, the question arises as to whether

they are the only groups who will benefit from properly designed acoustics.

Several studies performed by us and others that refer to the above ques-

tions will be discussed.

It has been found that several groups of listeners with virtually

normal hearing can also be U1ffected by adverse listening conditions.

These groups are: 1) children, 2) learning disabled, 3) non-native listen-

ers, and 4) speech-impaired children. A common feature of these listeners
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is linguistic skills different than normal native adults. While the

learning disabled can be defined "linguistically impaired", the other

three groups may not manifest any impairement, but their usage of language

and probably their listening skills are less developed than those of nor-

mal native adults. In effect, they demonstrate some perceptual character-

istics similar to groups linguistically deviant from norms.

Speech perception scores in an optimal listening condition, i.e.,

quiet and no reverberation, were compared to scores in more realistic

conditions with noise or with reverberation. Sometimes noise may be more

pervasive than reverberation, for example in small therapy rooms. Or

reverberation may be the major factor degrading speech, as in quiet drama

theaters. However, in many situations listeners are exposed to both noise

and reverberation. None of the reported studies used a combination of

noise and reverberation, but such conditions have been tested extensively

with normal and hearing-impaired listeners (Nabelek and Pickett, 1974;

Finitzo-Hieber and Tillman, 1978; Nabelek and Mason, 1981) . It has been

shown that the effect of noise and reverberation acting together is great-

er than a sum of effect of noise and reverberation measured separately.

For that reason, the perceptual problems encountered by linguistically

deviant listeners might be even more severe than those emerging from this

report.

MATERIAL AND METHODS

Speech tests used in these studies were: the Modified Rhyme Test
(MRT) (Ereul et. al., 1968), the sentence test of speech understanding
in noise, SPIN (Kalikow et. al, 1977) and bisyllables designed specifi-
cally for the study with children listening in reverberation. All tests
were recorded by male American talkers.

The MRT consists of 300 monosyllabic words arranged in 50 blocks of
6 words each. The words in one block differ only by either the initial
or the final consonant. Each list contains 25 items for testing initial

and final consonants. The words are spoken in a carrier sentence 'Say
the /test word/ again" at the rate of five syllables per second. The
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task of the listener is to mark one of the six words he thought he heard.
This test permits use of relatively untrained listeners, provides rather'
stable scores and minimizes any effects of familiarity of test words.

The SPIN test consists of 10 forms, each contains 50 sentences. For
half the sentences in each list, the final key word (a monosyllabic noun)
is predictable from the conteo&4 (high predictability, HP) ; for the other
half, the predictability of the final word is low (low predictability, LP).
Examples of SPIN test sentences are: (HP) "The watchdog gave a warning
growl"; (LP) "I am thinking about the knife". The task of the listener is
to repeat the final word with an open set response. In addition to mea-
suring word intelligibility, the SPIN test measures a cognitive component
of speech understanding by providing two different scores for each: high
and low predictability (HP and LP). This performance difference between
the two sets of sentences for normal subjects is thought to be attribu-
table in large part to the listener's-.ability to malke use of the linguis-
tic context of the HP sentences.

The stimuli used by Neuman and Hochberg (1983) were in a form of
vowel-consonant-vowel disyllables in which each of three vowels /i/, /a/,
and /u/ was combined with each of 19 consonants (all consonants with the
exception of the semi-vowels). When recorded, the stimuli were preceded
by the carrier phrase 'Say the /disyllable/". The nonsense syllables were
chosen because they are expected to be less subject to age factors than
are meaningful materials, and thus would minimize possiblq congnitive
effects.

In the studies where speech was degraded by noise, a babble of 12
voices was used as a masker. The babble had small level variations. Its
spectrum-was approximately parallel to the smoothed spectrum of male
speech.

The reverberation was obtained by playing tests in rooms with con-
trollable reverberation. Rooms used in the studies and recording pro-
cedures were similar. The volume of the rooms was about 160 in

3
. The

range of reverberation time (T) was between 0.4 and 1.2 s. The reverbera-
tion time was fairly even across frequencies (0.25 - 8 kHz). For speech
processing, a Kemar manikin was placed in the reverberant field at a dis-
tance beyond the critical distance for the room. Sounds were picked up
by microphones placed in the ear canals of the Kemar, passed through
equalization filters designed by Killion (1979), and recorded on two
tracks of a magnetic tape for sterephonic reproduction. These filters
removed peaks at 2.7 kHz produced by the ear canals and eardrum impedance
of the Kemar.

All subjects used in the reported studies had normal hearing as
assessed by standard audiometric tests. The groups of children were
normal in all aspects of learning, and differed from the reference group
only by their chronological age. The learning disabled were young adults
(ages 23-37) who had moderate or severe learning disabilities and who had
received therapy for several years. They exhibited normal intelligence,
but were described by their clinicians as having problems in word retriev-
al, auditory sequencing and memory, visual perception, and/or reading and
expressive language. The non-native listeners were young and middle age
adults (ages 21-48) who use fluent English as a second language. Their
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native languages were various European and Asian languages. The speech-
impaired children (ages 7-11) had normal intelligence and language skills

but had been receiving therapy for articulation disorders.

Testing was done in sound-treated rooms. The speech recordings were
played on tape recorders and presented to subjects through earphones. The
speech was delivered at 60 to 70 dB SPL which is adequate to elicit the
maximum score in quiet. If noise was added, it was played on another

channel of the tape recorder and mixed with speech at specified speech-to-
noise ratio (S/N). All testing with noise was performed monaurally. The
tests with reverberation were also played at 60 to 70 dB S"

- and no noise
was added. Testing was usually binaural and monaural but -) monaural

data will be discussed to allow for easier comparison wi iata collected
in the noise condition.

RESULTS

Children. Speech perception of children in noise a. !verberation

is shown in Figure 1. The results in the left panel are from a study by

80-

U

o 60-

Q * S/N=45dB 0 T=Os

40 0 S/N=OdB 0 T=0.6s

U
20

O 11 13 15 17 9 11 13 15 17 19
AGE (YEARS)

Fig. 1 - Speech perception of children in noise (adapted from Elliott,
1979) and in reverberation (adapted from Neuman and Hochberg,
1983).

Elliott (1979) and in the right panel from Neuman and Hochberg (1983).

Elliott tested 24 children at each of four age levels (17, 15, 13, and

11 years) in a laboratory. Then she added results collected at schools

with 9-year-olds. Children were tested with the SPIN at three S/N of +5,

0 and -5 dB. The data in the left panel of Figure 1 are for high predic-

tability words (HP). The solid points repreent S/N = +5 dB; open points
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represent S/N = 0 dB. In the better S/N, all scores were high, but did

decline slightly for l-and 9-year-olds. Elliott believes that the SPIN

is not appropriate for young children, and that the decline in scores

reflects children's limited ability to use knowledge of lexical and syn-

tactic contingencies and their diminished knowledge of language rules.

In lower S/N, the scores declined with age even more rapidly which seems

to indicate that the babble has a greater masking effect on the words of

the sentence. It appears that children have less developed listening

skills and cannot extract important information from the noisy background.

The same argument can be used for speech recorded with reverberation

(right panel). Some data from Neuman and Hochberg (1983) are plotted to

compare with Elliott's results. Neuman and Hochberg used nonsense sylla-

bles to test groups of children and young adults, five in each group. The

age range was 5 to 20 years. Without reverberation, the 9-and ll-year-

olds performed as well as older subjects indicating that, unlike SPIN, the

nonsense syllables were equally difficult for all ages. This data is

represented by the solid points on the graph. The test recorded in a

room with T = 0.6 s produced a decline in scores for 11-and 9-year-olds

while 13-year-olds performed as well as young adults. This data is repre-

sented by open points.

In another study, Nabelek and Robinson (1982) compared speech per-

ception scores measured with the MRT of 10-year-old children and young

adults. Ten subjects were tested in each age group. Scores declined

gradually with reverberation. Children performed as well as adults when

no reverberation was added. In three reverberant conditions, T = 0.4, 0.8,

and 1.2 s, children performed an average of 6% worse than adults.

Learning disabled. Using the SPIN test, Elliott (1982) measured

speech perception of learning-disabled adults at three S/N's. Subjects
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had normal hearing in both or at least in the tested ear. The babble of

voices was used as the noise. Data points on Figure 2 are medians of

~100-

U 80

LL o NATIVE

LZ 40* NON-NATIVE

0 0.4 018 1.2

REVERBERATION TIMET(s)

Fig. 2 -Speech perception of learning-disabled adults (adapted from

Elliott, 1982).

scores for nine subjects. The data for another of Elliott's subjects are

excluded from the medians because this subject had some hearing loss and

his scores differed from the remaining group. In Figure 2, the solid

points represent normal listeners and the open points represent learning-

disabled listeners. Two upper lines denote low predictability (HP) words

and the two lower lines denote low predictability words MLP). In the

easy listening condition (S/N = + 10 dB), both groups obtained 100%

correct scores. This indicates that these learning-disabled adults have

learned to make use of linguistic context. Their greater difficulties

seem to be with discrimination of basic sounds, as revealed by their poor

performance on the low predictability (LP) sentences which have no con-

textual clues. Also, the learning-disabled subjects performed much

poorer than do normals on both HP and LP sentences at SIN of 0 dB. The

age Americans and similar-age non-native listeners was compared in our
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problem of these listeners appeared to be directly associated with their

poor auditory discrimination skills.

Speech-impaired children. Elliott (1982) reported some results for

7-to 11-year-old speech-impaire~d children tested with the SPIN. They

performed as well as normal children their age when tested in quiet but

obtained lower scores for HP and LP sentences in less favorable S/N con-

ditions. Since data are unavailable for speech-impaired adults, it is

not known if these type of listeners maintain their perceptual problem.

Non-native listeners. Bergman (1980) reported differences in speech

perception scores for native and non-native listeners. During his

research studies in the sixties, he observed that elderly listeners who

spoke fluent but accented English obtained lower speech discrimination

scores tnan listeners speaking without an accent. The difference was

rather small for undistorted speech but increased to 20% for a variety of

degradations such as machine-made speeding, long reverberation CT = 2.5 s),

split band dichotic listening, and interruptions. Bergman (1980)

repeated some of the studies using young Hebrew listeners (age 20-29).

The native-born were matched to non-native listeners who had spoken

another language at least until age of 7, but who had been speaking Hebrew

for at least 13 years and were judged to be fluent in it. While undis-

torted sentences were perceived equally well by both groups, the scores

for sentences in a babble of voices at S/N = + 3 dB were significantly

lower for the non-native group. The difference was 13%. Bergman also

tested elderly listeners and found that the difference for speech percep-

tion in noise for native and non-native groups tends to increase with age.

Speech perception with various amounts of reverberation by middle-
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laboratory. Each group consisted of 10 subjects. The criteria for the

non-native listeners were: 1) young or middle age, 2) normal hearing, and

3) at least 94% correct score using the Modified Rhyme Test without rever-

beration in quiet. The subjects' native languages were various European

and Asian languages. The mean age of the -native listeners, selected

from the subjects tested previously (Nabelek and Robinson, 1982), had a

mean age of 32.7 years, with a range of 25 to 52 years, and their hearing

was normal. Thus, age and sex of the two groups were matched.

Speech perception as a function of reverberation time for native and

non-native groups is shown in Figure 3. Scores are represented by open

_100- HP

z

0 80LUQ

W40-
zU 0 NORMAL

W 20- 0 LEARNING :ISASLED

0 5 +10
SPEECH-TO-NOISE RATIO.S/N (dB)

Fig. 3 - Speech perception of native and non-native listeners in rever-
beration.

and solid points respectively. The scores without reverberation were

similar for both groups. With reverberation time of 0.4 s, the non-native

listeners obtained 6% lower scores; with reverberation times of 0.8 and

1.2 s, they obtained 10% lower scores. The difference at T = 0.8 s and

T = 1.2 s was significant (pe-0.001). These results indicate that non-

native young and middle-age listeners who understand English very well in
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the absence of reverberation might have difficulty understanding in the

presence of even moderate reverberation.

The non-native group in our present study was linguistically heter-

ogenous and the pattern of errors was not analyzed. Some errors are

probably related to phonemes used in native languages. Singh (1966)

pointed out that errors made the English and Hindu plosives for various

conditions of band-pass filtering and temporal trunctuations differed for

native and non-native listeners and for the two languages.

CONCLUSIONS

Results of these studies indicate that some listeners with audiome-

trically normal hearing might have problems understanding speech in noise

and reverberation. The groups which are deviant from normal young adults

are children below 13 years of age, learning-disabled adults, speech-

impaired children, and non-native listeners. All these listeners obtained

very high speech perception scores in quiet and without reverberation, but

their performance was significantly lower than normal for more difficult

listening conditions. They should benefit, as do hearing impaireds and

the elderly, from specially-designed rooms having a short reverberation

time and a very high S/N. They also should benefit from listening devices

such as audio induction loops, FM and infra-red systems which have become

popular in large auditoriums, churches and drama theaters.

The perceptual problems in less-than-optimal listening conditions of

learning-disabled and speech-impaired children should be kept in mind

when therapy rooms are designed. For normal children, the perceptual

problems diminish with age. Apparently, listening skills can develop in

real-life situations. However, good classroom acoustics might be helpful

to improve attention and learning of small children. No data exist to

indicate if all perceptual problems of non-native listeners decrease
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with time of exposure to the language, but it is not very likely since

some of Bergman's and our listeners had been using English or Hebrew for

many years.
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PROPOSAL FOR A SCIENTIFIC PROGRAM4

Webster,J.C. and Houtgast,T.

Commnunication Research Department - Rochester Institute of Technology-
Rochester NY, U.S.A.
Institute for Perception TNO, Soesterberg, The Netherlands.

After the meeting of Team 2, the proposal for a Scientific Program

was summarized in five main points.

1. Much knowledge is already available on the effect of noise on communi-

cation and on the needs of the hearing impaired. Team 2 encourages

initiatives to make this knowledge more generally available, including

its consequences for design specifications.

2. More research is needed on the relation between a person's loss in

speech understanding (or recognition of warning signals) and audio-

metric changes, as for instance noise-induced hearing loss.

3. There is a need for a systematic approach in defining the required de-

gree of communication for specific categories of jobs and workplaces.

This will provide a basis for (1) the definition of category-specific

noise limits, and (2) the evaluation of a person's fitness (in audio-

metric terms) for a given category of jobs.

4. We need to know more about the effect of noise on various aspects re-

lated to speech comhmunication, e.g. (1) noise and the use of synthetic

speech, (2) noise and a non-native talker or listener and (3) noise and

speaker identification.

5. With respect to the recognition of warning signals, more research is

needed on the combined effect of noise and the use of ear protectors

directional hearing in (reverberant) workspaces.
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EFFECTS OF NOISE ON THE EFFECIENCY OF DANGER SIGNALS

1 21
BOCK, M. - LAZARUS, H. - HOEGE, H.
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1Ruhr-Universitaet Bochum, Psychologisches Institut, Post-

2 fach 102148, 
D 4630 Bochum 1;

Bundesanstalt fur Arbeitsschutz und Unfallforschung,

Postfach 170202, D 4600 Dortmund 1

INTRODUCTION

Danger signals play an important role in the attempt to

avoid harm or danger to life of working people. Effective

signalling should rest on combination-standards of signal

and danger to be indicated. In fact such norms do not exist

and therefore a research project is carried out to find out

signals which are optimized with respect to a number of

criteria (cf. BOCK, LAZARUS & HOEGE, 1982). One of these

criteria is the stability of signal interpretation. Because

there are varying noise levels in factories, efficient

signals should not be altered in their judged dangerousness

by different noise levels. The question arises, whether

signals can be identified experimentally which are not

affected by different levels of noise. The variable 'danger-

ous - not dangerous' was chosen, because it had been demon-

strated by previous experiments that signals rated as

dangerous lead to associations that are rated as dangerous,

too. For this reason the dimension of dangerousness has to
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be regarded as an efficient index of relevant interpretation

of danger signals.

MATERIAL AND METHODS

Fourty-eight students of different fields of Ruhr-Univer-
sitaet Bochum took part in this (paid) experiment. Each
subject rated 36 signals in total, 9 of these were presented
under 90 dBA signal and 95 dBA pink noise, 9 under 90/85
dBA, 9 under 90/45 dBA, and 9 signals under 70/45 dBA. Four
different sequences of signal-to-noise conditions were de-
veloped to control order effects, each sequence was judged
by 12 subjects. Signals were rated on a 7-point scale: not
dangerous (1) - dangerous (7). Twenty danger signals are of
special interest in this context. The remaining 16 signals
were partly synthesized by Westdeutscher Rundfunk Koeln,
partly produced by help of electronic music instruments.
They were designed as distractors to differentiate between

n"A- r ot-danger-signals.

RESULTS

For restrictions due to the BMDP computer program we had to

analyze the ratings of dangerousness by 4 two-factorial

ANOVAs. The first factor is S/N-ratio (with 4 levels), the

second is defined by acoustic signals (with 9 levels). Three

analyses produced significant interaction effects (p S .02),

showing that the included danger signals are differently

affected by noise levels. Therefore the interactions were

checked by making tests on simple effects (WINER, 1971).

Significant results of these tests are given in table 1,

means and descriptions of signals are shown in figure 1.

Table 1: Simple effects of danger signals influenced
by noise levels (cf. figure 1)

danger signals F 3/44 p

Ii (bell) 13.15 .00

12 (bell) 3.12 .04

14 (impulsed sound) 9.68 .00

R1 (square wave) 6.30 .00



In the fourth ANOVA only the two main effects were highly

significant (S/N-ratio: F= 5.67, df: 3/44, p< .003; signals:

F= 17.63, df: 8/352, p<..0001) whereas the interaction was

not (F= 1.37, df: 24/352, p >.11). Thus, danger signals in-

cluded in this analysis are equally influenced by noise

levels with respect to their judged dangerousness (St, Sh,

13, Si, S4; cf. figure 1). Danger signals not significantly

influenced (p2 .08) by different S/N-ratios are the fol-

lowing: Hi, H2, H3, H4, T, S2, S3, S5, Sk, Q, Rs; cf.

figure I).

DANGEROUS O -?

10 - \SIGNALINOISE LEVELS (,m dBAl

200- % ." - - 90145
" --------- 70145

DANGERTUS I I II I I -

DANGEROUS too HJ1 2 N I I I 6" II T Sk W" St" RI" Rs 0 S1" S2 S3 S4 SS

Figure 1: Mean dangerousness of 20 danger signals judged
under 4 S/N-ratios. *= significantly influenced
by S/N-ratios. Abbreviations and descriptions
of danger signals are given below.



abbr. description

H1 horn, freq. range 0.3-4 kHz
H2 horn, freq. range 0.08-0.8 kHz
H3 horn, freq. range 0.8-3 kHz
H4 horn, freq. range 0.4-5 kHz, pulsed
11* bell, freq. range 0.1-5 kHz, slow pulsed 1 Hz
12* bell, freq. range 0.1-5 kHz, fast pulsed
13* impulsed sound, freq. range 1-4 kHz, pulsed 4 Hz
14* impulsed sound, freq. range 3-5 kHz, pulsed 4 Hz
T Typhon, freq. range 0.6-4 kHz, horn-like
Sk sirene, const. freq., fo = 0.6 kHz, freq.range 1-3 kHz
Sh* pure tone 2 kHz
St. pure tone 0.5 kHz
Rl* square wave, fo= 1 kHz, pulsed 0.5 Hz
Rs square wave, fo= 2 kHz, pulsed 1 Hz
Q quarte sequence, fo= 0.85-1.15 kHz, pulsed 1 Hz
Si* sirene, freq. mod.: fo= 0.5-1.2 kHz, NNN 3 Hz
S2 sirene, freq. mod.: fo= 0.5-1.2 kHz, 1 Hz
S3 sirene, freq. mod.: fo= 0.5-1.2 kHz, 0.5 Hz
s4* sirene, freq. mod.: f = 0.5-1.2 kHz, . 1 Hzo

S5 sirene, freq. mod.: fo= 0.5-1.2 kHz, Iz 1 Hz

CONCLUSIONS

9 of 20 danger signals are significantly influenced by

different S/N-ratios. These signals are not suitable as

effective warnings because their judged dangerousness will

be affected by noise: S/N-levels in factories are not

constant and therefore only danger signals not influenced

by noise are appropriate as effective warnings. Eleven of

the investigated danger signals do meet this criterion,

but it should not be the only one. It has to be taken into

account whether the rated dangerousness of a signal is

strong enough to cause the recipient to associate dangers

when warned. A further criterion is the compatibility of

signal and danger-situation it has to stand for.

Research into this topic is still in progress. The aim is

to standardize the application of danger signals.
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INTRODUCTION

Like in earlier years many investigations since 1978 were

carried out under laboratory conditions examining one or

several physiological functions influenced by noise alone,

or in combination with other influences, like vibration,

mental task, physical effort and others. Usually the sub-

jects used, were classified as healthy male volunteers, what

means universitary students, in order to keep the group homo-

geneous. In some studies relations between cognitive aspects,

personality factors and physiological responses were also

taken into consideration. The acoustical stimuli which were

applied varied quantitatively in terms of noise intensity or

qualitatively in terms of the type of noise, e.g. broadband

noises, traffic or aircraft noise. A considerable number of

field studies were also carried out to investigate chronic

noise exposure in unselected samples in their accustomed

environmental conditions. In the conducted experiments noise

was often considered to be a stressor, but it was often not

quite clear whether the investigator himself had judged this

kind of experiment to be stressful to the subjects or whether

the subjects themselves had estimated the noise to be stress-
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ful. It is not always clear, what scientists mean when they

use the term "stress", e.g. whether they refer to psycholo-

gical or physiological parameters (BARTHOLOMEYCZIK 1981). The

use of animal models to study the effects of noise has de-

creased in the last years. One reason may be that it is in

general very difficult to extrapolate from animal studies to

humans. In determining the effects of noise directly on the

ear, animal studies were very helpful, especially for histo-

logical analysis of the development of detrimental morpholo-
gical changes. Concerning the evaluation of extraaural ef-

fects, results from animal studies initiated good ideas for

research on humans, for example studies concerning fertility

or teratism. It is also still very important to use animals

when extreme or dangerous conditions forbid experiments with

humans for ethical reasons. However, for assessing the ef-

fects of occupational and/or environmental noise, results

from animal experiments often fail to give an answer to the
question of "how much is too much in our daily life", i.e.

what noise level can be accepted or which combination with

other environmental factors is tolerated before health is

impaired. These relationships also cannot be satisfactorily

explored in laboratory experiments with humans. Therefore

multifactorial field studies are required. This was one oi

the aims, which was strongly emphasized at the last congress

5 years ago.

VARIOUS VEGETATIVE REACTIONS

In various studies, mostly under laboratory conditions,

the effects of sound stimuli on some selected vegetative re-

actions were examined: respiration, heart rate, cutaneous

blood flow, constriction of peripheral blood vessels, skin

temperature, tremor, secretory function of stomach, bowel

transit, bioelectrical activity of the brain and cerebral

circulation (BATTIG 1981; CARSTENS 1980; ERCKENBRECHT 1983,

FRUHSTORFER & HENSEL 1980; KHAIMOVICH 1978; KIEC 1977, KRYTER
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& POZA 1980; MIYAZAKI 1978; NEUS et al. 1980; SORG 1979). The

meaning of the observed changes, particulary the effects on

peripheral blood circulation, is still in discussion. For

example it is not clear whether they are to be considered as

physiological responses, more related to auditory, reflexive

protective mechanisms, psychic processes or whether they im-

plicate autonomic system responses, generally considered to

be harmful to the organism (KRYTER & POZA 1980, GUSKI 1980).

In other studies physiological reactions were examined in the

field situation, in oder to investigate the possibility of
finding different patterns of reactions, influences of

psychic factors or the possible development of coping me-

chanisms with chronic noise load (BXTTIG et al. 1980; GUSKI

1980).

BIOCHEMICAL EFFECTS OF NOISE

Effects on the blood lipid fractions were studies by

CERVINKA et al. (1980a, b), VERDUN di CANTOGNO (1976), ISING

et al. (1980a, 1981a), MANNINEN & ARO (1979b) and by RAI et

al. (1981). Application of noise as a stress factor in labo-

ratory experiments led to a decrease in triglycerides in

connection with an increase of free fatty acids and phospha-

tids. The results concerning cholesterol are contradictory, -

while CERVINKA et al. (1980a, b) found a decrease of chole-

sterol, the other investigators reported elevated levels of

cholesterol due to noise in laboratory as well as in field

studies. SANDEN & AXELSSON (1981) found higher mean choleste-

rol levels for those workers with the most noise-induced

hearing loss. This result could support the hypothesis, that

risk factors of arteriosclerosis are mutually combined with

the deleterious effects of noise on man.

In laboratory as well as in field studies blood glucose

was found to be slightly augmented by noise (CERVINKA et al.

1980a, b; VERDUN di CANTOGNO et al. 1976; MANNINEN & ARO 19).



Effects on serum protein levels including the albumin/glo-

bulin ratio were investigated by RAI et al. (1981) and TUR-

CZYNSKI et al. (1978). There seems to be an increase of

gamma globulin induced by chronic noise exposure. Concerning

the effects of noise on cortisol and its metabolites BRAN-

DENBERGER et al. (1977) did not find any change under experi-

mental noise exposure, while YAMAMURA et al. (1982) reported

a significant increase in urinary 17-OH-CS and an initial

effect on saliva cortisol. In combination with a mental task

BRANDENBERGER et al. (1980) also found elevated plasma cor-

tisol levels, possibly due to the higher degree of strain

or to influences of cognitive variables. In field studies

SKWARNA et al. (1980) and RAI et al. (1981) observed higher

cortisol levels in chronic noise-exposed workers.

The effects of noise on epinephrine, norepinephrine and

their derivatives were investigated in many studies (ANDREN

1982b; ANDREN et al. 1978; DOBRZANSKI & RYCHTA 1977; ISING

et al. 1980a, 1981 a, c; KIOTZBOCHER & FICHTEL 1978, 1979;

MAKOTCHENKO 1978; CESANA 1982a, b; MANNINEN & ARO 1979b;

BRANDENBERGER et al. 1980). Under laboratory conditions and

in field studies noise increased epinephrine or norepine-

phrine or both in most of the investigations. It was not

quite clear, why sometimes epinephrine and at other times

norepinephrine was influenced. To explain such conflicting

results ISING et al. (1981c) proposed the following inte-

resting hypothesis: Noise exposure to which the subjects are

used stimulates nerve fibers with synapses in the vascular

system, which, therefore, leads to an elevation of norepine-

phrine levels. Noise exposure, to which the subjects are not

accustomed represents a higher degree of stress and stimu-

lates the adrenal glands, which leads to augmented levels of

epinephrine. The effects of noise on dopamine, growth hor-

mone or plasma angiotensin II as indicators of sympathetic

activity did not yield reliable results, probably due to wide

distribution or difficulties in measuring (ANDREN 1982b;

CESANA 1982b; BRANDENBERGER et al. 1980; WRIGHT 1981).
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The effects of noise on the magnesium (Mg) metabolism

were studied by ISING and his colleagues (1981a, b, c). In

animal studies, in laboratory experiments and in field

studies they observed changes of Mg in relation to noise.

Due to the biochemical effects of the released catecholamines,

serum Mg is increased as a result of intracellular losses,

which leads to a higher excretion in the urine. Under chronic

stress and with a marginal supply of Mg provided by food, as

it is usual in industrialized nations, a chronic negative

Mg-balance may be induced. Decreased Mg levels are followed

by intracellular increases of Ca, for example in the heart

muscle, which increases vasoconstriction and sensitizes the

muscle for catecholamines. These processes may be one of the

keys for the understanding of the development of cardiovas-

cular diseases by noise.

EFFECTS OF NOISE ON CRITICAL GROUPS

Depending on varying susceptibility and to particular en-

vironmental or health conditions, it is assumed that for

some special groups of the population there may be a diffe-

rent, possibly more critical risk of health impairment due

to noise. In some laboratory studies subjects suffering from

essential hypertension were examined concerning their respon-

ses to noise (ANDREN et al. 1981; ANDREN 1982, HXCKER 1980;

SCHULTE et al. 1977). They did not differ from healthy sub-

jects in blood pressure response but reacted stronger, lon-

ger and at lower intensities in peripheral vasoconstriction.

The lack of differences in blood pressure response in hyper-

tensive persons could be explained by alteration of the

elasticity of the blood vessels due to long lasting

effects or to mechanisms of counterregulation. In discor-

dance with these results on manifest hypertension v. EIFF

et al. (1981) and NEUS (1981) speculated that subjects with

a genetic predisposition to essential hypertension run a

higher risk to suffer from the deleterious effects of noise
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than others. They found that persons with hereditary dispo-

sition for hypertension had significantly higher blood

pressure responses than the controls. Concerning special

pharmacological treatment to hypertensive persons no essen-

tial difference in noise response could be seen after apply-

ing beta-adrenoceptor blockade drugs. Using alphaI-adreno-

ceptor blockade the total peripheral resistance response

was blocked (ANDREN 1982a).

In order to elucidate individual differences of respon-

siveness to noise, persons with particular individual carac-
teristics were tested. Subjects with higher lability of the
vegetative system showed no different responsiveness in peri-

pheral vasoconstriction or galvanic skin response to noise

than those with a stable vegetative system (BERNSDORF 1980).

In contrast to these findings from laboratory experiments,

done with healthy students, BXTTIG et al. (1980) concluded

from a field study carried out near ZUrich airport that

general vegetative lability might be a prerequisite for ve-

getative responsiveness. Other studies were done on subjects

who could be caracterized as coronary prone (type A) or

non-prone (type B). The coronary prone subjects reacted quite

differently not only in vasoconstriction but also in bio-

chemical parameters (LOVALL0 1980; ICKES & ESPILI 1979). Yet,

in heart rate and blood pressure no differences were seen.

Already in earlier years it was supposed that if noise

might have deleterious effects on the health of normal humans,

there might be also an effect on pregnant women. These ef-

fects may be caused by maternal endocrine or circulatory

changes due to noise exposure. REHM & JANSEN (1978) as well

as KNIPSCHILD et al. (1981) examined retrospective data of

obstetric records. Both studies indicated a positive rela-

tionship between aircraft noise and a reduced birth weight or

an increase in percentage of premature births. However, the

effects were very slight and not statistically significant.

SCHELL (1981) also did not find a statistically significant
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reduction of birth-weight as a function of expoEure to air-

craft noise. But he found a large negative partial correla-

tion coefficient for noise exposure and gestation length

in girls. In boys statistical significance was not quite

reached. FRITZSCH (1979) did not find any difference in the

physiological response of women, pregnant women and men.

Fetal heart response seemed to be unchanged up to Leq

90 dcB(A). To be more prudent he recommends, that exposure

of pregnant women should not exceed noise levels of Leq

80 dB(A). Another possible influence of noise on the human

fetus can be expected in teratism. EDMONDS et al. (1979)

found no significant difference in the incidence of birth

defects while JONES & TAUSCHER (1978) report a significant

difference due to noise. The Committee on Hearing, Bioacou-

stics and Biomechanics (1982) reviewed the human and animal

data available so far on prenatal effects of exposure to

high-level noise. Neither in human studies nor in animal

experiments was there a clear evidence for the influence of

noise on pregnancy. With regard to direct aural effects on

the fetus the fetal ear can be assumed to reach functional

maturity by 26 weeks gestation. The background intra-uterine

sound level is about 70-85 dB SPL, probably generated by the

mother's circulatory system and bowel movements. External

airborne noise is attenuated in the range 25-30 dB, high fre-

quencies about 50-70 dB. From a prophylactical viewpoint

they suggest that a mother should avoid exposure to noise

which exceeds 90 dB SPL until better information is available.

MENTAL HEATH, NEUROVASCULAR DISORDERS AND MORTALITY RATE

Various studies have dealt with the relationship between

mental health and noise exposure (BROADBENT 1980; CUESDEAN

et al. 1977; JENKINS et al. 1979; MEECHAM & SMITH 1977;

TARNOPOLSKY et al. 1978; TARNOPOLSKY et al. 1980; WATKINS

et al. 1981; SKWARNA et al. 1980; SUVOROV 1979). Psycho-

neurotic and psychosomatic complaints seemed to be higher as
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a result of work noise and aircraft noise load. The effects
were stronger in those subjects who felt more annoyed and

wbo were more sensitive to noise. In addition, the uptake of
psychotropic drugs and the use of medical services was higher

in those who felt more annoyed.

MEECHAV & SHAW (1979) examined the mortality rates in

residential areas near Los Angeles International Airport in

comparison to a control area. They found an increase in
deaths due to stroke or cirrhosis. Unfortunately there was

a large gap between the deaths reported and those recorded

by Los Angeles County, so that their findings did not remain

undisputed.

EFFECTS OF NOISE ON THE CARDIOVASCULAR SYSTEM

The effects of experimental exposure to noise of various

types on cardiovascular responses were studied by ANDREN et
al. (1978, 1980), v. EIFF et al. (1981), ISTNG et al. (1980a,
b), PARROT (1981), PETERSON et al. (1981) and YMAMURA et al.

(1981). Generally, attention was paid to the elevation of

blood pressure. In most of the studies significant increases

in diastolic and/or systolic blood pressure could be observed.

Keeping these results in mind it was suggested that these

physiological sympathetic responses would lead to permanent

elevation of blood pressure which would contribute to the

development of arterial hypertension. This hypothesis that
noise exposure might be a risk factor to health, especially

for the development of cardiovascular disorders has already

been formulated for years, but we are still far from knowing

the risk anid the explicit mechanisms and the moderating ef-

fects from other environmental or intrapersonal factors. Some
epidemiological investigations were conducted to determine
whether chronic noise exposure at work or at home is likely

to cause cardiovascular disorders, augmented blood pressure

levels or even to induce hypertension (BAUER et al. 1980;
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BRITANOV 1979; CUESDEAN et al. 1977; COHEN et al. 1980, 1981;

v. EIFF et al. 1980, 1981; KHAIMOVICH 1979; KNIPSCHILD 1979;

MANNINEN & AR0 1979b; MALCHAIRE & MULLIER 1979; RAZVEIKIN et

al. 1980; SINGH et al. 1982; VILLA 1980). Most of the studies
pertain to occupational noise. This fact may be due to faci-

lities of controllable noise conditions, sample drawing,

volunteering, financial support etc. Concerning blood pres-

sure levels SINGH et al. (1982) found an increase of both

systolic and diastolic blood pressure in workers exposed to
noise levels of 88-107 dB(A) for 10-15 years, whereas MANNI-

NEN & AR0 (1979b) reported an elevated systolic blood pres-

sure. CUESDEAN et al. (1977) and BRITANOV (1979) found

higher rates of borderline or manifest arterial hypertension

among noise exposed workers, while MALCHAIRE & MULLIER (1979)

did not observe a significant difference in prevalence of

hypertension among workers exposed to noise levels of 95 dB(A)

in comparison to a control group. In addition to changes

in blood pressure other cardiovascular parameters were exa-

mined. SINGH et al. (1982) described irregularities in car-

diac rhythm, KHAIOVICH (1979) saw higher rates of hyperki-

netic cardiac syndrom, VILLA (1980) stated remarkable chan-

ges in systolic time intervals and CUESDEAN et al. (1977)

reported alterations in EGG records.

The effects of traffic noise were epidemiologically stu-

died by KNIPSCHILD & SALLE (1979) and by v. EIFF & NEUS

(1980). V. EIFF & NEUS (1980) studied a mixed sample of 931

persons and found a higher rate of hypertension in the traf-

fic noise areas. The duration of medical treatment corre-

lated with the time of noise exposure. In the population

study of KNIPSCHILD & SALLE (1979) only housewives (40-
49 years) were included. No differences were found in the

occurence of consultation with a cardiologist, hypertension,

angina pectoris, ischaemia on ECG and heart shape patholo-

gics on chest X-rays. The lack of a difference between these
two groups of women is not very surprising since the risk of

suffering from cardiovascular diseases is still very low in
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women at that age due to the protective effect of their

female hormones, so that influences of environmental factors

may be masked. RAZVEIKIN et al. (1980) found alterations of

moderate degree in people living and/or working at airports.

He reported altcrations like reduced myocardial contractili-

ty, predominance of the sympathicotonic type of cardiac acti-

vity regulation and increased rigidity of elastic vessels.

As summarized above, in many experimental conditions

short-term exposure to noise often induced immediate increa-

ses in diastolic and/or systolic blood pressure and showed

many other. sympathetic and especially biochemical responses,

which are considered to be risk factors to the cardiovascu-

lar system. Nevertheless, the question of, whether prolonged

exposure to occupational or environmental noise is associa-

ted with elevated blood pressure or higher cardiovascular

morbidity is still in discussion. However, from the given

findings another, interesting reciprocal action can be hy-

pothesized: Cardiovascular disorders, subclinical or clini-

cal present or even expected from hereditary history, could

influence the possible effects of noise. In 1977 JONSSON &

HANSSON published findings about an association between

hearing loss and elevated blood pressure. They concluded

from the presence of hearing loss to the degree of noise

exposure and assumed that the noise load had caused both

hearing loss and elevated blood pressure. Another view of

these findings would be that those subjects who develop

hearing loss also have a predisposition to cardiovascular

diseases. The connection between noise induced hearing loss

and blood pressure was then studied by other investigators

(LEES & HATCHER-ROBERTS 1979; TAKALA 1977; HEDSTRAND et al.

1977; SANDEN & AXELSSON 1981; MANNINEN & AR0 1979a). No

clear evidence was found that hearing loss and blood pres-

sure are associated. MANNINEN & ARO (1979a) found differen-

ces in the older age groups only for the subjects with mode-

rate degree of hearing loss, - in the group suffering severe

hearing loss the differences in blood pressure were slight.
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DEMETER et al. (1979) examined workmen from a mining enter-

prise. From his results he concluded that noise exposure acts

as an inductor of arteriosclerosis. Moreover he reported that

those subjects, who had risk factors for atherosclerosis and

also had manifest clinical symptoms, had a higher risk of

suffering from hearing loss. The extent of hearing loss was

in closer connection to the severity of atherosclerosis than

to the duration of noise exposure. This result can be sup-

ported by findings in animal studies done by BORG (1981) and

BORG & MOLLER (1978). Lifelong noise exposure influenced the

blood pressure neither in spontaneous hypertensive rats nor

in normotensives. In the histological examination of sur-

face prepared cochleas the number of hair cells was dimi-

nished. The authors concluded that genetic hypertension might

itself predispose for hearing loss in noise.

THE SIGNIFICANCE OF NOISE AS A RISK FACTOR

Results from epidemiological studies carried cut many

years before (e.g. DFG 1974) could clearly show that the

simple stimulus-response concept cannot sufficiently explain

complex relationships. The research on noise effects must

include the moderating influeaces of other factors which

change the response of the organism exposed. These factors

may be his environmental conditions, his learning history,

his attitudes, his socioeconomic status etc.. Moreover, mu-

tual effects can be expected when several environmental fac-

tors are interacting. Therefore the risk of noise-induced

impairment will depend on interaction with other environmen-

tal variables. In an own investigation carried out on em-

ployees of a military service unit we tried to determine the

importance of noise among other occupational or personal risk

factors. The state of health of the employees was judged by

a thorough physical examination and by a standardized que-

stionnaire referring to their actual complaints, use of

drugs, medical treatment and actual and former diseases etc..
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For each subject a score was composed, resulting from the

physical examination and from the answers to the question-

naire, indicating the degree of health impairment. Their oc-

cupational and personal load was partly measured and partly

subjectively evaluated by the subjects themselves. By mul-

tiple determination analysis we tried to explain the variance

of general health state of the employees by the influences of

their occupational exposure to several noxious conditions

(fig. 1). Time stress proved to be the most important factor

r sg b Sig d rportsig impairment

time stress 0414 • 0576 : 239% 0714 : yes

noise exposure 0337 ns 0,04 Ps 69% 0246ns 4-23 years

ne noise annoyance 0428 • 0281 ss 12% 036i ns etrememich
etreme mich

odour annoyance 036' ns C32! ns I 15% 0315 ns moderate

lead exposure 0250 ns r398 00% 4 32 • 4-20 yers

carbon dsulphde exp - 095 ns - 678 6'.% 556 c

multiple 08. 70./:

r correlaton coeffcient b beta. a r determinoton rport partial correloton

sg signifcance level ns = not signficort ! 5 % (p 005) "-x-1% (psOO/ 01% (pi 000')

Multiple determination of
general health- state (sum- score)
of 29 employees (technical administration section
and tank maintenance and testing section)

Fig. 1

in relation to health impairment. Next in importance is noise

annoyance and then nearly equivalent odour annoyance, resul-

ting from exposure to several chemical agents, appea-m to be

essential. This may be a hint, that those who suffer from

higher degrees of health impairment may be more sensitive to
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annoying conditions. In the same manner it could also mean

that they suffer more from time stress. Whether these factors

are in causal connection with health or whether they are only

coincident indicators of a higher sensitivity is still not

quite clear. Probably this question can be answered only

after some years of research with the same sample. Duration

of exposure to noise is an essential factor for general

health state, also, but in comparison with the others it

seems to be less important.

Further information can be gained by separating the score

of general health state into its components of organ related

disorders (fig. 2). Only the most important results shall be

predictors time noise noise odour lead carbon
cri teria stress expos annoy annoy expos disulph

childhood/infectious dis ns b - 2% .6%

neck-ear-nose-throat d 7 8.% - 762% :
. ...- 7 08%

eye disorders ns

feeding disorders ns 68% 77

cardiovascular disorders e 55 2 %

pulmonary disorders ns 11 %

gastro-intestinol-renal d :
skeletal system disorders * 6.7% -

neurovegetative disorders 22% 6.4% 19 -

rarely mentioned dis *Z5 % 0 6 52%
Pesu /ts from 10 mu lmple correlations -variables with negative determn ationb z variables with significant ' beta. M z amount of determination with expectedreic afon (d) 5 % / M M =w ith unexpected relt ton (d ) 5 % /
siniic anc leve l ns = not significant ) 5 % (p) 0,05), es 5 % {o -00 .5) , s -I% (PL _ 0.0 1 }

Occupational stress and

disorders of general health - state
29 employees from technical and tank maintenance sections

q57,

Fig. 2

pointed out here. Time stress seems to be important for
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gastro-intestinal disorders, neurovegetative disorders and

diseases of neck, ear, nose and throat; the latter may be

perhaps due to a higher risk of viral infections. Concerning

noise a very striking effect has to be emphasized: Cardio-

vascular disorders are mainly determined by duration of noise

exposure and by the degree of noise annoyance. In addition

noise plays a role in neurovegetative disorders and diseases

of ear, nose and throat.

These results show how the risk of noise can be assessed

by use of a multifactorial research design. Obviously, fur-

ther investigations are required to determine the importance

of noise for human health and to assess its harmfulness in

relation to other occupational, environmental or personal

influences.
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INTRODUCTION

Considering that the fetal period consists of different phases of

development in each or all of which the fetus might be particularly sen-

sitive towards certain stimuli, we stimulated mice during different pe-

riod of their pre and postnatal life to a high intensity sound, which was

again given at 21 days.

In a previous paper (Busnel and Molin, 1978) we had reported that

exposure to loud noise 4 h/day during fetal life had little effect on the

development of mice pups if mothers were not otherwise stressed.

However, mothers who were exposed at the same time to loud noise and

a combination of other stresses showed higher abortion rates, an increase

in cannibalism of pups at birth, smaller and ligher litters. This weight

loss was still perceptible at 42 days (just prior to sexual maturity).

The additional stresses included separation of mothers from their mates

and pups, grouped in cages of 10 during the 4 h sound stimulus, and

slight shaking for 2 or those hours.

Thus noise, 4 h a day, did not by itself have a teratogenic effect,

but association of several stresses didt (i : see next page).

Considering that noise in itself was not a stress for the fetus, we

divised another serie of experiments reported here, the purpose of which

was to test a further hypothesis :

Any noise if heard prenatally will be considered by the young animal as
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"known" and will therefore not be stressful when given aaain after birth.

As in the previous experiment, we used deaf and normal hearing

mothers so as to determine possible effects of the mother's reaction on

the pup's reaction to these stimuli.

All reactions were tested through corticosterone assays.

MATERIAL AND METHODS

1. Experimental animals
Normal hearing G.F.F. (+/+) were used as breeders, as well as their

mutants (dn/dn) which are genetically deaf. By cross breeding a hearing
male with a deaf female or a deaf female with a hearing male we obtained
for experimental purposes hearing hybrid pups either of hearing or of deaf
mothers ; all litters are culled to 6 pups.

2. Method of prestimulation
All stimulation was performed in an 33 m3 anechoic room with program-

med light and temperature. Mice were brought in this room only for the
period of stimulation and brought back to the breeding room afterwards.

We will here after call, prestimulation the sound used to stimulate
the animals during fetal and postnatal life and poststimulation that sound
used at 21 days - just before blood sampling.

3. Acoustic frequency of prestimulation
a) complex noise assimilated to a white noise (in fact a recorded subway
noise at 106 dB)**
b) pure frequencies at 16 kHz continuous or impulsif
c) pure frequencies at 10 kHz continuous or impulsif
d) pure frequencies at 5 kHz impulsif only.

4. Time of acoustic prestimulation
Sound was given 4 times a day for one hour at intensities from 102 to

106 dB at different periods
1. from conception to birth
2. from birth to 9 days (maturation date of the auditory system)
3. from 9 days to 21 days

* The fact that any abnormality is amplified by an extra stress seems

confirmed in one of the experimental groups where a high degree of abnormal
pups (1 %) were found even in the controls (normal rate was in our animal
of 0,2 or 0,3 %). Whether this high rate was due to experimental procedure
or genetic factors was not possible to determine, but the multiple stress
group of this serie showed a rate of 6,85 % fetal abnormality (particularly
anencephalies and exocephalies). This result being unique in the long
serie of experiments we performed it was concluded that this group had
been subjected to an extra stress, as compared to the others.

** Subway noise was emitted with a Lansing, Type LE 15 loudspeaker, for
medium and high frequencies (from 500 Hz to 14 kHz) and a Lansing, Type
LE 375 for the lower ones. Pure frequencies were given through Motorola
piezoelectric tweeters placed 33 cm above the cages.



testing the hypothesis for normal distribution and calculating the proba-
bility density of t (exact -obability for a two-tailed test). The values
obtained for the control and experimental groups were compared using a
Chi-suare test for 2 variables and with 1 degree of liberty.

9. Principle of the corticosterone assay used
This technique exploits the affinity of a corticosteroid (here

corticosterone) for a specific natural binding protein (Corticoido Binding
Globulin) present in the plasma of most vertebrate species (Murphy, 1964).

It is based on the competition between the corticosterone present in
an ethanol extract of the plasma sample to be tested and a known quantity
of tritiated corticosterone pre-bound to transcortine (Murphy, 1967).
When the corticosterone (tritiated and cold) unbound to transcortien is
eliminated by absorption on magnesium silicate (florisil), the quantity of
tritiated corticosterone boutd to transcortine (and therefore not adsorbed
by the florisil) is inversely proportional to the quantity of cold
corticosterone present in the ethanol extract. By comparing the degree of
transfer brought about by known quantities of cold corticosterone (stan-
dard curve), the corticosterone content of the sample tested can be
measured.

RESULTS

I. Preliminaty studies

A number of verifications were performed so as to exclude certain

extraneous variables :

A. Lenght of time between beginning and end of sampling : no correlation

was found.

B. The auditory state of the mother does not affect the results except in

a few cases of those treated from conception to birth. In all other cases,

pups of hearing and deaf mothers will be included in the same groups.

C. Ile were able to achieve 12 experimental dayst during which from 200 to

300 samples could be collected each time - we therefore accumulated some

3 370 samples, control and treated animals (this includes a number of

samples duplicate).

D. Since large variations were observed in the results it was hypothetized

that more emotional mice would have higher levels of corticosteroiis after

acousitcal stimulations. This was not confirmed after a number of open

field tests, since no correlation could be found between levels of corti-

costeroids and any of the open field features. (Total number of passages

iEach experimental day being preceeded by 45 days (21 from conception to
birth and 21 days after birth) of preparation and preatreatments,
12 experimental days is the maximum possible in 24 monts.



in each case, number of passages in the central cases, number of jumping,

duration of immobilization, number of feces, toileting, etc.).

I. General results

After pooling all treated groups irrespective of day or type of stimu-

lation, one compared them with all controls all together 3 370 samples of

which 430 controls (Fig. 1).
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Fig. 1 Effect of acoustic treatment on mice. Frequency polygon of
corticosterone levels at 21 days (all samples pooled).
Percentage of assays occuring at each level (by class of
5 Pg/lO0 mi.

a. It can be seen that a much higher percentage (37,5) )f assays are

included in the low dosages class (below 5 pg/lO0 ml) for controls than

for treated animals (12 %).

b. There are no more assay above 25 ig/lO0 ml for controls while treated

animals are still found in the 36 - 40 ig/l00 ml class.

One can therefore conclude to a real effect of noise on mice wether

prestimulated or not.

Il1. Effect of noise

The data were grouped in three ways, to study the influence of three

factors :

1. Period of pretreatment.

2. Acoustic frequency.

3. Duration of post-stimulation.



.3:

1. Period of pretreatment

We first grouped the data according to the period at which pretreat-

ment had been given, irrespective of the sound frequency used. Fig. 2

illustrates a frequency polygon expressing the percent of total number of

pups in each prestimulation category for different corticosterone levels.

Three of the prestimulation categories show remarkable similarities :

conception to birth, birth to 9 days, and 1st time. It is interesting to

note that the 1st time group behaves like those which were pretreated

before maturation of the auditory system at 9 days. Since all three groups

are quite different from controls, it could be suggested that exposure to

repeated sound stimulation before the onset of audition does not consti-

tute habituation.

70"

60. - - controls

50- b---o boh9doys

" . *9-21 days

40. .. ....t .me

30-

20-

'

O t 1- 20 21 - 30 3 L -40 '

Fig. 2 - Effect of period of pretreatment of mice' response to a sound
stimulus. Frequency polygon of corticosterone levels at 21 days
(by classes of 10 pg/100 ml ,all frequencies polled).

The 9 to 21 days category is different from the other experimental

groups for intervals of low corticosterone levels (0 - 20 pg/100 ml), and

most resembles control groups. This is also illustrated with Fig. 3.
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Fig. 3 - Graphic representation of the corticosterone assays according to
date of pretreatment (10 kHz) are represented - mean values
and confidence intervals (lengh of tracing).

It is the only group prestimulated after the onset of audition. This

suggests that a certain habituation to an acoustic stimulus has indeed

occurred.

2. Acoustic frequency

We report here only the results for the groups "Ist time".

A study of the interaction of frequency and period of pretreatment

gave results which are particularly complex and will not be reported here,

being still under study.

60-

,.- 1 o- Mt, (NIlOO)

50" -tI~o- 6 kH,(N : 141 )

- - s l'fO3 s 5k tI(N-35)

40 . ,fos O t(N- 
7

2)

30- " 4: _

20

5 6-101,1 151T6 20 25 I10,6-

Fig. 4 - Frequency polygon expressing the percent of total number of pups
in each acoustic frequency category for different corticosterone
levels. "1st time" stimulation only.
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a) The 10 kHz and 16 kHz categories are quite similar, and different from

the other two groups in that the peak of percentage is at higher levels

(32 % and 39 % respectively in the 11 - 15 pg/100 ml class).

b) Subway noise and 5 kHz, which are at the lower limits of mouse audition,

show greater percentages (63 and 71,5 % respectively) of mice in the low

corticosterone level intervals (I - 10 pg/100 ml). The two stimuli are

most different, however, the lowest corticosterone levels (I - 5 g/ml).

The percentage of pups exposed to 5 kHz in that category is almost twice

that of pups exposed to subway noise. Pups appear to be more stressed by

frequencies which are well within the area of greatest hearing sensitivity.

3. Duration of post-stimulation

The effect of stimulus duration is considered here for one frequency

(10 kHz) and for two durations :

- 1 minute of sound (So) + 10 minutes of silence (Si) (N = 121)

- 10 minutes of sound (So) + 1 minute of silence (Si) (N = 103).

Data were compiled for 5 experimented days and illustrated (Fig. 5).

9 O'* 1' S'

Z 40

E '" /. ... \
20.," "-. \
30 -

0-4 I 5 -9 1 !0-14 1 5-9 I920-24I 25-29 -59' 55- 59' 40- 44'45491

Fig. 5 - Effect of lengh of stimulus on mice response.
Frequency polygon of corticosterone levels at 21 days (by classes
of 5 ig/100 ml).

The main conclusions are that

A) For a short stimulus (1 min) the highest percentages are in the 10 -

20 classes while for a long stimulus (10 min); they are slighly lower

(in the 5 to 14 classes).

B) But for the long stimulus some mice show a very high degree of stress

(18,5 % mice have above 35 pg/100 ml while the shortly stimulated ones

have none in these classes). Thus the duration of stimulation does not
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seem to be an important factor in the stress response.

4. Other stresses

Table 1 summarizes results of one serie of tests performed in the

"other stress" group.

A. All of these stresses raise the corticosterone levels. The values range

from 15 to 22 Wg/100 ml, but are never less than 4,5 fold higher than the

control.Least stressful is separation from parents at 21 days (normal time

for weanino); separation at 19 days, i.e. 2 days before normal weaning, is

as stressful as most of the other procedures.

Most stressful is separation plus crowding on an icy floor, cortico-

steroid levels are 9 times that of controls (Table 1, sample 8 - 9).

B. The effect of noise added to these different stresses is usually negli-

geable if the primary test has been important. This can also be seen from

Fig. 6 which represents for one group of mice some of these stresses with

or without addition of an acoustic stimulus. This figure is only a graphic

representation of the dispersion rates of all dosages in each category,

mean values and the confidence intervals.

It can be seen here too that all stressed groups are different from

controls, and that the greatest similarity is between each stress with or

without added noise.

Fig. 6 - Graphic representation of the corticosterone assays, according
to date of pretreatment.
Are represented : mean values ( t ) and confidence interval
(lengh of tracing).
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C. Noise is effective as an added stimulus only on the pups separated at

21 days, therefore practically unstressed by this separation.

Therefore, when a stress has reached a certain intensity, and the

corticosteroid have risen to a certain level, it will not be influenced

by further manipulations. Corticosteroid dosages do not therefore seem to

be a good indicator diversifying the influence of one stress rather than

another in multiple stresses.

Dosage Value of : Statistical Siqnificance
in pg/ control/ :-------------------------

: Stress applied ml : treated With true : With or
Index control : without sound

1. Control 1.67 :

2. Separated at 21 days* 2.75 : 1.2 0.11 NS 2 5.17

• 3. Same + 5 kHz, 10 min: 6.52 2.9 8.10 ** 3 *

: 4. Control : 3.39 :
: 5. Separated at 19 days: 15.11 : 4.5 : 40.52 * 5 0.014

: 6. Same + 5 kHz, 10 min: 15.57 4.6 43.76 * : 6 NS

: 7. Control 2.38 : :

* 8. Separated + crowded : 21.92 9.2 : 2
: on cold floor : . 1 8 0.1

: 9. Same + 5 kHz, 10 min: 20.31 : 8.5 : 135.08 : 9 NS

:10. Displaced : 17.33 : 7.3 91.91 * • 10 0.14

11. Same + 5 kHz, 10 min: 15.78 : : 75.45 : NS

12. Control 1.67 -

:13. Separated + displa- 14.32 76.40 13 1.32
ced : " : 7 :

14. Same + 5 kHz, 10 min: 18.66 : 9.4 : 139.64 * : 14 NS

*15. Control 3.39 :

.16. Transfered to ano- 18.39 54 6637 16 0.41
ther cage 13: 6 1

17. Same + 5 kHz, 10 min 21.13 : 6.2 : 92.83 * 17 NS

Table 1 - Effect of different type of stresses on corticosterone levels
of mice pups.



CONCLUSIONS

The experimental procedure related in this paper being very intricated

may warrant a short summary :

Mice were prestimulated either

from conception to birth

from birth to nine days (onset of audition)

from nine days to weaning - that is during normal auditory phase.

or not prestimulated at all.

Just before blood sampling they were restimulated (or stimulated for

the 1st time) at the frequency of prestimulation (5, 10 or 16 kHz or a

white noise (subway).

From the three factors analysed (period of pretreatment, acoustic

frequency of stimulus and duration of poststimulation), a number of

conclusions can be drawn.

1. All stimulated mice have higher corticosterone levels than controls but

at different levels.

If one makes a cumulative curve of corticosterone levels according to

acoustic frequencies of stimulation, one finds nearest to control the 5

kHz then subway 10 and 16 kHz. This is perfectly understandable if one

considers the auditory curve of the mouse,the threshold of which is still

very high at 5 kHz. The subway noise being emitted at 106 dB might be

perceived through low frequency vibrations of the cage. As for 10 and 16

kHz they are at the lowest threshold values.

Therefore, results as regards to frequency are those that could be

expected.

2. For the period of prestimulation, on the other hand, our hypothesis

had been,remembering Ando and Hattori's work on babies (1970-1977), that

sound heard during the period of formation of the auditory system, might

change the animals reaction to a later stimulation. This did not turn out

to be true since 3nly pups stimulated from 9 to 21 days show a certain

habituation.

It must be noted that an acoustic stimulus, even of great intensity

(103 to 106 dB) is less stressful than all other stresses coming from

a change in the pup's environment (early separation from the mother, change

of cage or of room, etc.).

Finally it must be noted that, if such clear cut results were obtained,



it was due to the high number of assays performed ; for variability is

enormous, and it seems that more severe stresses bring about higher rates

of variability which could not be related to any of the psychophysiological

characteristics of the pups.
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PRELIMINARY EVIDENCE ON FETAL AUDITORY HABITUATION
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INTRODUCTION

Objective behavioral and physiological reactions to auditory sti-

mulations can be reliably measured at 28 weeks in the human fetus in utero.

Mature brainstem auditory evoked potential threshold are recorded as soon

as 35 weeks in the premature newborn (UZIEL et al,. 1980).

The fetus is constantly exposed to noise of maternal origin and,

eventhough developing in a quite protected acoustical environment, is sub-

jected to a relative amount of external sound stimulations, these being

mostly composed of low frequencies, under 1500 Hz. The higher the frequency,

the higher the attentiation, e.g., the latter is only of 2 dB at 250 Hz but

increases to 20 dB at 1000 Hz (QUERLEU et al. 1981).

Several animal and human experiments have demonstrated that some of

these prenatal auditory stimulations may have an effect on the developing

fetus. Depending on their physical structure and on exposure conditions,

they may lead to acoustical trauma of the cochlea, participate in the spe-

cification of the functionnal properties of the auditory system and, as we

will see, may also be involved in the sensory organisation of the futur

infant as well as in very precocious learning processes (GRANIER-DEFERRE

and BUSNEL, 1981).

It has been shown that newborns, whose mothers have been almost

continuously subjected to a prolonged and intense low frequency noise

(aircraft noise), are adapted to this same noise and that the degree of
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this adaptation is function of the period and duration of the prenatal

exposure (ANDO and HATTORI, 1970, 1977). But these extreme conditions are

rarely encountered and impossible to study with proper control in human

subjects. On the other hand, it is most frequent that mothers are, now and

then, and for a limited period of time, exposed to repeated loud external

noises and it is thus worth considering how the fetus reacts and examine

the characteristics of his successive responses independenl.ty of the

mothers physiological reaction.

Habituation is the progressive response decrement to a repetitive

and non-significant stimulation, that can be distinguished from sensory

adaptation and neural refractoriness. Usually,it is considered to be obtai-

ned when the organism stops reponding after a number of successive trials;

reactivity is recovered after a variable amount of time (HEBB, 1958; THORPE,

1963; KANDEL, 1979). Habituation is one of the most elementary form of

learning and is most likely to give us insight into the auditory learning

capacities of the fetus.

The typical fetal response to a loud and sudden external sound

stimuli includes a short latency heart rate acceleration (averaging 15

beats per minute(bpm)), usually accompanied ( 85% of the cases) by limb

movements or change in position (BUSNEL and GRANIER-DEFERRE, 1982). It

appears that most reactions analyzed in the litterature may be interpreted

as startle responses, characteristic of a defensive reaction, and it is

known, from newborn and infant studies, that auditory habituation is rather

difficult to induce in this case. On.the contrary, an orienting response,

which is charaterized by heart rate deceleration, habituates and shows

an extinction quite rapidly (GRAHAM et al. 1968, GRAHAM, 1971).

A first experiment has thus been designed to find an auditory

stimulation that would elicit orienting responses, mostly using low

level rythmic pure tones, so as to perform a comparative study on fetal

habituation (COHEN,1983). As up to know, no reliable data has been found,

only preliminary results on fetal cardiac and motor reactions to a repea-

ted intense and sudden broadband noise will be exposed.

Few studies have been performed in this field; some authors have

briefly reported an unresponsiveness or a modification in the nature of the

response after repeating the sound stimulus (FLEISHER,1955 ; DWORNICKA et

al, 1963; BENCH et al ,1967; GOODLIN et SCHMIDT, 1972), others have exten-
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sively studied the fetal motor response habituation to a vibratory sti-

muli, directly applied on the maternal abdominal wall(GOUPIL et al,1976;

LEADER et al,1982 a-b), or the fetal heart rate (F.H.R.) decrement to a

loud tone (2000 Hz, 120 dB) (GOODLIN et LOWE, 1974), but no systematic

experimental work I2ve been performed on motor and F.H.R. modification and

on their interaction, using auditory stimulations exempt from vibratory

components with a strict control of the mothers physiological reactions

( i.e., preventing her from hearing and being aware of the moment of emis-

sion of the stimuli).

This lack of data is easily explained when considering the varict

problems inherent to studies involving the fetus in the uterus. One ma-

jor point is the difficulty to identify the different successive fetal

state of alertness. They also change rapidly, according to a cycle of

60/90 minutes( TTMOR-TRITSCH et al, 1978; VAN GEIJrN et al,1980; VISSER et

al, 1982) and the duration of each state is short, between 3 and 20 minu-

tes (NIJHUIS et al,1982). Therefore, it is very difficult to stimulate the

fetus with a sufficient number of stimuli during the same state of alert-

ness, which is highly preferable, as it has been shown, in the newborn and

the young infant, that reactivity to a stimulus, habituation and state of

alertness are not independant factors(GRAHAM et al 1968;GRAHAM, 1971; TAY-

LOR and MENCHER, 1972; HUTT et al, 1973; NELSON et al 1976; MOREAU,1976).

Consequently, fetal reactivty might change before habituation is establi-

shed, either being enhanced (i.e., when the fetus changes from sleep to

quiet wakefulness)or reduced (unresponsiveness may be observed in some

sleep state (PRECHTL,1974-1982)).

Furthermore, only two quantitative parameters can be examined and the tech-

nology involved in both cases are still not completely satisfactory. Re-

cording F.H.R. with a Doppler ultrasound transducer is unprecise, with

still frequent signal loss, especially during bursts of motor activities.

Real time ultrasound scanner allows only observation of a restricted part

of the fetal body. As it is necessary to follow its displacement to esti-

mate the magnitude of the motor reaction, and also because it is difficult

to shift rapidly from one area to another, a preliminary choice must be

made. This choice is always limiting, the best area to examine a startle

response is not what should be preferentially looked upon to discriminate

fetal alertness.
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MATERIAL AND METHODS

1) Subjects

Records were made from 14 healthy (non medicating) volunteer mothers,
between 37 and 39 weeks of gestation. Procedure was first described, and
a questionnaire was used to assess fetal external sound environment and
any factors that might eventually affect his reactivity during the test
session.

2) Acoustic stimulation

The stimulus, a 5sec pink noise, low-pass filtered at 800Hz to elimi-
nate any vibratory component, was delivered, after amplification at
106 dB S.P.L. (re:20 uPa) through a loudspeaker, 20 cm above the maternal
abdominal wall, in front of fetal head.
According to the acoustic transfert function that has been computed from
recordings inside the amniotic fluid (QUERLEU et al,1981), this stimula-
tion can be estimated to have an intensity range of 70-86 dB inside the
uterus.

3) Procedure

Mothers were lying on a reclining chair, wearing earphones delivering a
relatively monotonous musical sequence, mostly composed of series of
classical guitar arpeggios, chosen to mask part of the fetal stimulation.
Masking was completed by. covering the loudspeaker with a thick blanket
falling around the mothers body.
Stimuli were delivered during the same state of alertness, only during
periods of no fetal movement, when F.H.R. maintened a low oscillation,
regular baseline for at least 60sec. Interstimulus intervals were thus
variable.
F.H.R. was recorded by means of a wide-range Doppler ultrasound transducer
(Hewlett-Packard) and lower limb movements visualized with a real time
ultrasound scanner:(C.G.R. - Roche) connected to a video system (Sony
AVC60 recorder). F.H.R. and movement recordings were synchronized with a
tonal event marker.
The data (F.H.R. and sound stimulations) were kept on a multi-channel
tape recorder (E.P.I.2) and beat to beat (R-R intervals) heart periods
computarized and analyzed on a micro-computer (Minc 11-23).

Each 60sec interval, just before stimulation, constituted the control
period (prestimulus H.R.) for each period of stimulation. F.H.R. data
during trials were analyzed according to 6 parameters, one constituting
a magnitude score: peak amplitude ( value of the F.H.R. acceleration from
prestimulus level); others,time measurements: reactivity latency (as the
value of the standard deviation of the mean of the control period), peak
latency, initial duration ( first component of the response, before
return to prestimulus value), total duration ( this parameter includes
the latecomponents of the heart response) and the response surface (com-
puted from initial duration) which integrates both magnitude and time
variables.

Video recordings of fetal limb movements were analyzed image per image
(Grundig BK401), reactivity latency was measured with an image incorpora-
ted digital chrqnometer (50ms accuracy),automatically triggered by the
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sound stimulus transient.

RESULTS

Because of state change, it was not possible to test all subjects with

tne same amount of stimulations (n=3 to 10 stimuli per subject ). Modifi-

cation of state of alertness occured after a different number of trials.

Some subjects entered long periods of spontaneous movements either on

early or late trials which resulted in very long inter-stimulus inter-

vals. Therefore, to analyze comparable data, the results on the three

first stimuli, all given with an inter-stimulus interval of no more than

three minutes each (between I and 3 mn) on 12 mothers have been con-

sidered.

Response decrement was observed between the first trial and the following

ones.

1) F.H.R. response

Peak amplitude, response surface and total duration decreased signifi-

cantly from the first to the third trial (table 1). Total duration was

the only parameter demonstrating a clear decrement on second stimulation

and seems to be the variable most affected by stimulus repetition (fig.l).

Si S2 S3 mann-,whitney U test

Peak Amplitude 25.6 20.5 15.9 SI-S3: U22.5 P<.D5
(bpm)

Initial Duration 25 19.7 17.9 n.s.

(sec.)

SI-S2: U-25.5 P<.01
Total Duration 72 36 21 S2-S3: U=22.5 P<.01
(sec.) SI-S3: U-8 P<.001

Reactivity Latency 3.6 2.8 3.1 n.s.
(sec.)

Peak Latency 11.2 11.7 11.4 n.s.
(sec.)

Response Surface 376 160 104 SI-S3: U-18 P<.05
(bpm x msec.)

Table 1: Median values of the different F.H.R. parameters during the first
(Sl) and subsequent stimulations (S2 and S3).



On the contrary, the duration of the first component of the response

(initial duration), which represents the cardiac primary response, is not

significantly altered, eventhough a slight reduction is observed between

trials. Difference in total duration is easily explained as it also inclu-

des the cardiac components of fetal movements and thus also evidences the

strenght or/and the duration of the simultaneous motor reaction. Therefore,

these late components tend to disappear by the third trial, while the

cardiac primary response remains almost unchanged. It seems that the latter
is in most cases the only apparent compooent observed on the third trial:

initial duration and total duration have then equivalent values and 85%

of the time no motor reaction or weak reactions have been recorded.

S.2 5 .3

b 1

SS S

Stimulation a: initial response
b: total response

Figure 1: Example of evolution of initial and total responses during a
thre( stimulation period.

The statistically significant decrement of surface response, int6-

grating both peak and time variable is less important than expected as

surface has been computed from initial duration.

No significant changes have been observed on both latencies.

Higher numbers of stimulations are probably necessary to influence these

two parameters.

2) Movement response

Video tape analysis show that number and strenght of motor res-

ponses decrease significantly with repetition of sound stimulation. From
Si to S3: there is an increasing amount of no-responses (all fetus respon-



ded on first stimulation, 78% on S2 an 64% on S3) the number of strong

responses diminishing parallely (64% in Si, only 14% on S3),(between SI,

S2 and S3: X2=8,34, df=4, P .15, between S1 and S3: X2=9,43, df=4, P .05,

cf figure: 2)

70, Sl: M

50- S2:

30-
S3:

No-Responses Weak Strong
Responses Responses

Figure 2: Proportions of movements according to their strength for
each stimulation.

Motor responses start with shorter latencies than cardiac respon-

ses (median=1.33 sec. instead of 3.2 sec.). This latency tends to increa-

se from first to subsequent trials (S1=1.1 sec., S3=2 sec.) and weak move-

ments have longer latencies (2 sec.) than strong movements (1 sec.)

CONCLUSIONS

Fetal reactions to an external sound stimulation decrease with

repetition of this stimulation when emitted at short intervals of time.

Magnitude of the cardiac response, a heart rate acceleration, appreciated

with various parameters (peak amplitude, response surface, and total du-

ration) is significantly reduced from first to third presentation of a

106 dB pink noise of 5 sec. duration. Sudden extension of the lower limb,

a motor response frequently associated with FHR acceleration, exhibits

a concomitant decrease in the number of its occurence and in its strenght.

Such a quick decrement of the response patterns to a sudden noise suggest

that, as newborns, fetus may cease to respond to this noisethrough habi-

tuation as preliminary studies assumed.

Near term fetuses seem less likely to continue to display motor

responses to our acoustic stimulation, than to the vibro-tactile stimula-

tion delivered by LEADER et al.(1982), to which "no patients habituated



in less than ten stimuli". This vibratory stimulation -its auditory com-

ponents included- may induce a stronger,or adifferent, reaction than a

simple auditory stimulation. It is difficult to make further clear state-

ments on this point because, while LEADER et al. looked at chest and upper

limbs of the fetus, we choosed to examine the extention of the leg as it

is a major component of both the startle resonse, and of the newborn Moro

reflex.Recent work (DeVRIES et al.,1982) showed that this movement is the

first perceptible during fetal behavior ontogenesis.

FHR responses of some of the observed fetuces displayed a qualita-

tive modification over stimulation. Figure: 3 shows that the accelerative

response to the first stimulation became biphasic, with an accelerative

and a decelerative componentsafter stimulation 2 and 3. This may reflect

a change in neuro-vegetative reaction to the sound, another index of be-

ginning of habituation.

tst Stimulation

i' ! -- ' ]rd

\ I

Figure 3: Progressive appearance of a biphasic pattern of FHR response.

Fetuses tested in this preliminary study received their three

stimulations during the same state of alertness, usually 2F as defined

by NIJHUIS et al. (1982). Exposure to greater series of stimulation takes

long period of time, during whichone or several changes of state of

alertness might occur. Figure 4. shows that a sound stimulation (100 dB,

5 sec.) producing a clear FHR acceleration when administered during a



state of relatively high H.R. variability may become suddenly neffective,

a few minutes later, in a low H.R. variability state. Such an effect,

which is not due to habituation may interfere with its establishment, as

it does in the newborn (NELSON et al., 1976).

I

spontaneous

fetal

t oveien t t t
s S S S S S

1 min. state of alertness modification

S:Stimulation

Figure 4: Reduction of F.H.R. response after change of state of alertness
(evidenced by a change in F.H.R. variability).

Demonstration of prenatal auditory habituation is of special interest

as it brings evidence on fetal learning capacities in the acoustic field.

It has been frequently suggested, and several experiments are presently

being conducted in attempt to demonstrate this hypothesis, that during the

last part of fetal life learning of the mother's voice characteristics

might take place. This learning, which may be established from an auditory

imprinting (LECANUET, 1983) could contribute to the development of preference

for this oarticular voice, and may play a part in the emergence of primary

attachments.
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EFFECTS OF IMPULSE NOISE ON VISUAL EVOKED POTENTIAL AND
CHOICE REACTION TIME PERFORMANCE
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INTRODUCTION

Because in this report we evaluate the effects of noise

on human well-being, at least two facts must be taken into

account. Firstly, the effects of noise depend on the type of

noise exposure (continuous, steady-state, impulsive, impact,

etc.), on the level and the duration of exposure, and on the

individuals physical and psychological health status. Second-

ly, the results of studies on noise have not been uniform.

At present it is not definitely known whether there is

any other disease directly related to noise exposure besides

noise-induced hearing loss (Jansen, 1980). However, it is

known that noise can have harmful effects on the functions of

the human body (McLean & al. 1977; Cohen & al. 1981; Malchai-

re & al. 1979), and mind (Jenkins & al. 1981) even after the

noise exposure has ceased (Glass & al. 1972).

Some studies showed tnat noise may act not only as a neuro-

behavioral arouser but also as a neurobehavioral distractor



(Loveless, 1976; Smith & al. 1973). The processing of a motor

response to a stimulus is also affected by noise. Noise can

either promote or debilitate reaction time (RT) performance

(Roth & al. 1976; Broadbent, 1979; Hartley, 1973).

The extra-aural effects of noise include arousal and ac-

tivation reactions (Loveless, 1976). These reactions are re-

lated to the excitability reactions of the brain. Arousal is

said to occur when a change in input produces measurable in-

crementing of a physiological (e.g., SCR, EEG) or behavioral

indicator (e.g., RT) over a certain baseline. Arousal is a

phasic reaction to input. It can include a sudden change in

intensity to which the organism is unaccustomed. Activation

is a tonic readiness related to the response mechanisms (Prib-

ram & al. 1975). When the individual's state of activation and

vigilance is high RT can decrease (Zenhauser & al. 1974; Trum-

bo & al. 1975) or the evoked potential can enhance (Haider &

al. 1968; Courchesne & al. 1975).

The purpose of this study was to compare the arousal and

activation effects of two levels of impulse noise on visual

information processing as reflected by the visual evoked po-

tential and on the motor response time to a visual stimulus.

It was expected that repetitively arousing stimuli such as

abrupt and loud impulse noise would increase the activation

level of the organism and modify the stimulus-response mech-

anisms differently from weak impulse noise and noiseless con-

trol conditions.
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MATERIAL AND METHODS

Subjects

Seven healthy male students (mean age 23.3 yrs, SD 2.06)
from a technical university participated in the experiment.
They were paid for their participation. All the subjects (Ss)
had some earlier experiences with occupational noise connected
with their subject of study (mining engineer, road building
technology, etc.).

Noise exposure

The noise exposure was constructed to simulate the noise
of a shipyard. It comprised pink background noise and artifi-
cially generated bursts of impulse noise. The background noise
was continuous. The bursts of impulse noise (a square wave of
200 Hz, rise time 1.25 ms, peak duration 50 ms and 9 Vvp with
a wave of 450 ms and 0.4 Vpp) were inserted into the back-
ground noise. The rate of impulses was one per second, random-
ly. The noise was broadcast via an amplifier (Yamaha CA 1010)
and two loudspeakers (Yamaha) into the air of the test room.
The loudspeakers were placed diagonally toward the subject
1 meter behind his ears.

There were two levels of noise exposure: a lower level
of exposure and a higher one. The lower level was called weak
noise. The background noise was 60 dB(A) and the burst of im-
pulse noise 75 dB(A). The higher level, called loud noise,
had a background noise of 75 dB and bursts of impulse noise
of 90 dB. The experiment consisted of several noise blocks.
A block contained 295-298 bursts of impulse noise. However,
in one block, the background noise was replaced by noise gen-
erated from pneumatic chiselling. This noise was played for
2 min of every 10 min period. The intensity was the same as
that of the impulse noise burst in both noise levels.

Recording system

The EEG was recorded (Siemens-Elema Mingograf 10) with
cup silver chloride-silver electrodes (Siemens-Elema) from
vertex (Cz), frontal (Fz), and parietal (Pz) positions. Elec-
trodes attached to each ear lobe were linked for reference.
Siemens-Elema electrodes were taped to the infra-orbital and
supra-orbital ridges of the left eye to measure the vertical
eye movements. A Siemens-Elema electrode served as the ground
and was taped to the right mastoid. After amplification (time
constant 10 sec) the EEG and RTs were stored on a disk for
further analysis. The sampling rate of EEG was 3 msec over
the 768 msec period of analysis, starting 60 msec before the

stimulus onset. The baseline was determined as the mean ampli-
tude over the prestimulus period of 60 msec and referred to
the zero level of the AD-converter.

Procedure

The subjects sat at a test table in a comfortable chair.
In front of them at a distance of 215 cm there was a panel
with three stimulus lights (0 15 mm, 7xESBR 5531 red leds, 30



mmcd) placed 12 cm horizontally apart from each other and at
the subjects' eye level. The lights were randomly lit once
every 2, 4, or 6 sec (ISI). The subjects- task was to attend
the illumination of the lights and to put out either the left
or the right side lamp as quickly as possible by pressing a
microswitch on the test table with the index finger of the
preferred hand. These lights were called the RT lights. When
the middle lamp was lit, the subjects had to withhold their
response. This light was called the No-RT light. The lights
were lit 200 times per block of which the middle light was
lit 20 times randomly. The duration of a block was 13 min
20 sec.

The subjects always started the session with a control
block done in silence. Then they proceeded to a session of
six blocks in noise exposure, immediately after which they
had an extra block which was called the after noise block.
On the first day in the morning and in the afternoon, the
subjects had a session in weak noise exposure. On the second
day they had a similar session in loud noise exposure. There
was a 90 min. lunch break between the morning and afternoon
sessions.

The EEG signals were averaged separately for the RT
lights and for the No-RT lights at each electrode position
over the sessions, for the subjects in weak and loud noise
exposure, and for the control and after noise blocks. The
RTs for the left and the right light were analyzed together
to show the mean RT separately for weak and loud noise ex-
posure, for the control blocks, and for the after noise blocks.
Prior to storage of the EEG signals, an EOG detector can-
celled the EEG of a trial whenever the EOG exceeded + 45 pV
on each channel.

RESULTS

Reaction time (RT)

Figure 1 shows the mean RTs for the various conditions.

The F-test revealed that the RT differed significantly be-

tween the conditions (p<.01). The Newman-Keuls multiple com-

parisons showed that the RTs were the shortest in the loud

noise exposure and after it and the longest in the weak

noise exposure and after it (p<.01).

Errors

On average, the subjects responded to the No-RT light

most often in the control condition and in loud noise exposure
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Fig. I - Mean reaction time in the control condition (si-
lence), in weak and loud impulse noise, and after

both types of noise in the after-effect conditions.
The average number of reactions was 5,222.

than in the other conditions. The least response errors were

made in the block after weak noise exposure (F-test, p<.05).

Other errors, e.g.,anticipated (shorter than 100 ms) or missed

(longer than 600 msec) reactions were made by the subjects

most in weak noise exposure and least in the control condi-

tion and after loud noise exposure but these differences

were not significant.

Evoked potential (EP)

The first most positive deflection from the onset of

stimulus was designated to be P1, and the first most nega-



tive deflection was designated to be Ni. P1 was detected, on

average, between 115 and 132 msec, NI between 157-172 msec.

P2, N2, and P3 were designated to be the next most positive

and negative deflections. P2 was found between 238-255 msec,

N2 between 309-322 msec, and P3 between 382-395 msec. After

P3, two other amplitude measures were taken: first, the maxi-

mum amplitude between 490-540 msec, and second, the maximum

amplitude between 540-590 msec from the onset of stimulus.

All the amplitude measures were referred to the baseline. On-

ly the frontal EPs at Fz are reported here.

In general, in every condition the potentials evoked by

the RT lights and by the No-RT light differed from each other.

The potential evoked by the No-RT light had a large slow posi-

tive deflection when compared with the potential evoked by the

RT light. This slow positivity started already by P1, contin-

ued over the whole period of analysis, and was most prominent

by P3 and by the latencies of 490-540 msec and 540-590 msec.

Only N2 reached negativity in the block after loud noise ex-

posure. Otherwise NI and N2 remained positive in relation to

the baseline. P1 and P3 to the No-RT light were twice as posi-

tive as P1 and P3 to the RT lights.

Evoked potential (EP) to RT lights

Figure 2 shows the EP averaged for the RT light. The Ano-

va2 showed that the EPs between the conditions differed sig-

nificantly (p<.01). There was also a significant interaction

between the EPs and the conditions (p<.01).



msec, and 2) by the latency of 540-590 msec were slightly

negative in the control condition, the most negative in weak

and loud noise exposure, but positive after both noise condi-

tions (p<.01).

Evoked potential (EP) to the No-RT light

Figure 3 shows the EP averaged for the No-RT light. The

Anova2 demostrated that the EPs between the conditions dif-

fered significantly (p<.01), but there was no significant in-

teraction between the EPs and the conditions. The F-test re-

vealed that none of the EP deflections (P1, NI, P2 or P3) dif-

fered significantly between the conditions. Only the maximum

peak amplitude by the latency of 540-590 msec tended to dif-

fer between the conditions (p<.05). The Newman-Keuls multiple

comparisons showed no significant differences between the con-

ditions.

FiF z  EP to No-RT light

: 
:

Fig. 3 -Histogram of the EP averaged for the No-reaction tine light at Fz
in the control condition, in weak and loud impulse noise, and af-
ter both kinds of noise in the after-effect conditions. The num-
ber of averages varied between 188 and 661 and are fron 7 subjects.



The Newman-Keuls multiple comparisons revealed that P1

and P2 were the most attenuated in the block after loud noise

exposure (p<.01). Ni was the most enhanced in the block after

loud noise exposure (p<.01). N2 was positive and crossed the

baseline in none of the conditions. However, the least posi-

tive N2 occurred in loud noise exposure and after it (p<.01).

P3 was the most attenuated in both weak and loud noise and

nearly equally large in every noiseless condition, i.e., the

control condition and in the blocks after weak and loud noise

exposure (p<.01).

_Fz  EP to RT light

Fig. 2 - Histogram of the EP averaged for the reaction time
lights at Fz in the control condition, in weak and
loud impulse noise, and after both kinds of noise in
the after-effect conditions. The number of averages
varied between 2,193 and 8,113 and are from seven
subjects.

The maximal peak amplitudes 1) by the latency of 490-540



Correlation between EP and RT

A significant negative correlation was found between the

RT and P3 at Pz only in the noise conditions (weak noise:

p<.01, r=-.73, df 43; loud noise: p<.01, r=-.65, df 41).

DISCUSSION

The RT results showed that loud noise speeded the reaction

to the light stimulus whereas weak noise slowed it down. Zen-

hausern et al. (1974) reported that only the highest level of

white noise accessory stimulation (70 dB) lowered RT. Kohfeld

et al. (1978) reported that background noise debilitated RT

when the noise was too loud or if the noise was of moderate

intensity but temporally unpredictable. The most errors in re-

sponding to the No-RT light were made in the control and the

loud noise conditions, whereas anticipated and missed reactions

occurred mostly in weak noise. RT and P3 of the EP correlated

negatively but only in noise exposure. Gulian (1971) found that

RT and autonomic activity (GSR) also correlated only in noise

exposure.

The RT data lead to the conclusion that loud impulse noise

increased both the arousal and activation levels of the organ-

ism when measured by RT performance. Loud impulse noise acted

as a behavioral arouser that caused faster vigilance perfor-

mance than weak impulse noise, which had the opposite effect

on RT and slowed down vigilance performance.

The results of EPs at Fz showed that the only EPs affect-

ed by noise exposure were those to the light stimulus to which

the subjects had to react with a motor response. Weak noise had

no clear effects on the EP components except P3 and the poten-

tial after it. When compared with the effects of loud noise on

the EP components, it can be seen that P1-NI showed no such

systematic effect of noise as the P2-N2 complex or P3 and the

peak potentials (1 and 2) after P3. These differences in the

effects of noise may indicate that there were at least three

phases of stimulus-response processing reflected in the EP

(see Frowein et al. 1981)each of which reflected the noise



effects differently. PI was the most attenuated and N1 was

the most enhanced after exposure to loud noise. The P2-N2

complex was the least positive in loud noise and after it

whereas P3 was the most attenuated in both noise conditions.

The peak amplitudes by 1 and 2 were the most negative in bwtQ

noise exposuresand the most positive after them.

A clear increase in negativity or a decrease in positivity

was seen here not only by the P2-N2 complex in loud noise and

after it but also by P3 in weak and loud noise. However, an

increase in negativity can be seen most prominently in the

peak amplitudes measured by 1 and 2 both in weak and loud

noise. This negativity after P3 was similar to a CNV type of

negative deflection (Walter et al. 1967). There are many stud-

ies which have shown that the negativity of the frontal EP in-

creased during an active processing on the task-related stim-

ulus (see Frowein et al.1981, Nidtinen, 1982).

The reduction of positivity by the P2-N2 complex in loud

noise exposure and after it could have resulted from two fac-

tors. Either it resulted from "a true distracting effect" of

loud noise or it reflected an increase in negativity which was

superimposed on the complex that reduced its positivity. How-

ever, in both cases the positivity by N2 should have decreasedl.

This was what happened, but not to the extent that N2 was en-

hanced to be neqative. NI has been proposed to reflect stim-

ulus-related processes whereas N2 has been related to rcsponsc,

selection. Many studies where the response to a stimulus has

been silent counting or a motor reaction have found the P2-N2

complex and P3 in the El whereas these EP components have not

been found in the EP to the physically similar stimulus with

no such responses (Ni~it nen, 1982) . 1n the present stud%.' t-e

EP component seemed to In most sunsitive to noise of feots.
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INTRODUCTION

Several studies indicate that prolonged influence of

industrial noise might lead to neurovegetative reactions of

the body.

During examinations on the harmful influence of the

noise mechanism It was found that short term exposition cau-

sed typical stress reactions, including glucose and free fat-

ty acid levels increase / 5 /. The reaction stops when the

noise breaks off. During long lasting expositions the glucose

level doesn't change / 3 / but the level of cholestrol and

its esters / 6, 7 / as well as levels of total and free fatty

acids increase.

In literature, we can find however / 2, 4 / that higrh

frequency noise /10-20 kiz/ causes body homeostase distur-

bances with a tendency to permanent hipoglicaemia. Asbel and

Gierasimowa found in their research a complex of syndroms-fa-

tique, headache, nausea, vomiting etc. and a -tendency to an

incorrect glucose curve in persons persistently exposed to

ultraEonics noise. Acton / 1 / suvgected that the symptoms

were dependend on high levels of hi, h frequency audible so ,nd

rather thari tditrasonic frequencies.



Because high frequency noise is expanding in the in-

dustry, it seems important to try to study the mechanism of

these changes.

MATERIAL AND METHODS

Research on glucose and fatty acids level was carried

out on 93 workers. u6 persons worked as operators of such
techmological industrial equipment as washers manufactured
by Technochem and Strunk /36 women and 30 men, age 21-.i,
mean 33 yrs/. These washers produce acoustic field with in-
tensity of 95-111 dB in the middle frequencies of 10 and
20 kHz. There were 27 non-exposed persons in the control

group /age 23-59, mean 35 yrs/.
All of the persons were examined by physicians. The ekg_

and audiometric results were the same as for the control
group.

All of those persons worked with not very big physical
load during the first shift. At 8 a.m. and 11 a.m. they had

a standard breakfast, specially nourishing and of caloric va-
lue- 400 and 300 Kcal. Blood samples for biochemical examina-
tions were taken three times a shift - at 10 a.m., 1 p.m. and
3 p.m. from the ulnar vein. The research was carried out on
the same persons three times a year.

Animals /white rats/ have been exposed to ultrasonic
noise emitted by industrial washers 3 hours daily during
6 weeks. Peak values of acoustic pressure levels for bands of
10 and 20 kHz were 122-125 dB. The contents of glucose, fatty
acids in plasma, glycogen in the liver, adrenaline, noradre-
naline, 17-OHCS in urine, adrenaline, noradrenaline in adre-
nals and noradrenaline in the brain were determined after
1, 3, o, 18 and 36 days of exposure. In each of the groups
were 10 animals. The glucose was determined by the o-tolu-
idyne method, total fatty acids by the hydroxsane methods,
free fatty acids- the Duncome methods, adrenalin and nor-
adrenaline by the Carlson method.

RESULTS

It was found /Fig. 1/ that the glucose level in exposed

workers was the same as of the control group /1ig. I/. Dyna-

mics of changes during the working< day were similar, too.



The contents of total fatty acids in exposed group was

slightly lower than 10/' than of the control group /Fig. 2/.

A statistically significant decreaase of the level of

free fatty acids was stated in the exposed workers /Fig. 3/.

Big age differences of workers could have essential signi-

ficance on the fatty acids levels formation, an analysis of

the correlation between age and levels of the metabolits was

carried out on the control and exposed group. /Tab. 1/.

It was found that glucose and free fatty acids levels de-

pended on age in the same degree in the exposed and in the

control group but compared with the control group, in the ex-

posed workers no changes connected with the age in the total

fatty acids level have been found.

Tab.1. Correlations between ages of workers and levels

of the metabolits.

Control Group Exposure Group
)7= 27 n- 66

fet abotts otO of Lti ntBLood Coefficient CoeffLejent
.1 * f p

"'ken CorreLation CorreLation

10.00 o,41 (0,05 0,465 <0,01
Gbsc*e "13.00 0,31? >0105 OZ66 )0,0 5

15.00 0,07 >0,05 0,122 70,05

Free 10.00 -, 146 40,5 -0,113 /o01
fatty 13.00 -o,38 ;o,o5 -0,310 ,.01
acids 15.00 -0,156 ),o. -0.2?? )0,05

Total 10.00 0,639 <0,01 0,122 >0,145
fatty 13.00 0,492 < ,005 01066 ;P 0,05
acids 45.00 O,459 <0,05 1Ol9 *o>005
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All the research results on animals are given in percen-
tage of control group values. /Fig. 4, 5, b, 7, 8/.
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17-OHCS in urine of animals during u week exposition
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C 0NC L U SI ON S

These results did not show any changes in glucose level

of the exposed persons under prolonged influence of ultraro-

nic noise. The distinct change found in the fatty acids - de-

crease of the free fatty acids level.

These changes seem not to be typical for wide-band noise

influence.

A decrease of the glucose level was stated only within

the first days of exposition in the animals although the '.or-

mon level changes in urine and tissue seem to be distinct dui-

ring all time of expositions.

The results obtain with rats haven't been compared di-

rectly to man but it seems probablv that ultrasonic noise

caused neurovegetative changes.
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EFFECTS OF 8 h EXPOSURE TO INFRASOUND IN MAN

Ising, H.

Institut fUr Wasser-, Boden- und Lufthygiene
des Bundesgesunqheitsamtes Berlin

INTRODUCTION

Infrasound is defined as air-borne sound within the fre-
quency range below 20 Hz. The human ear is quite insensitive to
low frequencies as is shown by the illustration of the auditory
threshold in Fig.1 but it is capable of perceiving infrasound
down to approx. 1.5 Hz (Yeowart, 1976).

Although measurements of the auditory thresholds in the
infrasound range have been conducted more than 40 years ago
(B~k~sy,1936) the wrong concept of a principal inaudibility of
infrasound is still widespread.

The effects of short-term exposure of man to intensive
infrasound have been studied thoroughly (for review see v.Gierle
and Parker,1976). The purpose of this report is to describe ef-
fects of mild infrasound after 8 h of exposure.

MATERIALS AND METHODS

For the purpose of studying effects of prolonged infra-
sound exposure, a room of 2.9 x 2.0 m floor area and a ceiling
height of 2.3 m was equipped with 24 low-tone loudspeakers
fixed to one of the walls. The room had one window and was
suitable for a permanent stay of persons.

The 24 low-tone loudspeakers (Isophon type 30/37) were
driven by a 250 W power amplifier (BMT).

The exposure room was designed in such a way as to have
the greatest possible homogeneity of the infrasound field with-
in the entire room when the door was closed. On the other hand,
a strong infrasound pressure gradient in the door was present
when the door was open.
In this room, a total of 100 test persons was exposed to a num-
ber of different exposure conditions. The duration of exposure
per person varied from several minutes to 8 h per day on 5 suc-



cessive days. The total period of infrasound exposure for all
test persons amounted to ca. 2 000 h. The sound pressure level
varied from 70 dB to 125 dB (with earphones, to 140 dB). The
frequencies varied from 3 Hz to 24 Hz. In short-term exposure
experiments, pure tones as well as band noise were applied as
pressure field, pressure gradient field and in- and antiphase
earphone exposure.

The 8 h exposure experiments were carried out in the pres-

sure field.

8oo &

9 heo ngtheshold (Ye'wrt 1976)
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Fi.1Human hearing threshold

Experiment 1

28 test persons of both sexes were exposed to an infrasoind
pressure field - third octave band noise with a 12.5 Hz centre
freque'icy and a continuous sound level of 110 dB for 8 h. Con-
trol sessions of identical length took place for half of the
test persons one day before exposure, for the other, after

exposure.

The test persons had to complete a questionnaire at the
end of each session. The queries had to be answered in accord-
ance with the following five-grade scale:

1) not true; 2) less true; 3) moderately true

4) rather true; 5) positively true.

Spontaneous statements by the test persons wer also recorded.

In parallel to this, a number of physiological parameters
were established (Ising et al., 1982) which, however, have not
been described in detail in the present paper.

Experiment 2

18 males aged 18 to 30 years (average 24 years) served as
test persons. Each test person was scheduled to work on tmn
consecutive days separated by one week-end. The first day (con-
trol conditions) was to enable a habituation to the experimen-
tal situation; it was not included in evaluation. The experi-
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mental conditions had been distributed over the remaining nine
days as follows:

3 x control
1 x infrasound 3-6 Hz 110 dB
1 x infrasound 6 - 12 Hz 110 dB
1 x infrasound 12 - 24 Hz 110 dB
2 x traffic noise 75 dB (A)
1 x traffic noise + 6-12 Hz infrasound

To avoid effects due to the sequence of exposure conditions, a
Latin square was set up.

In the exposure room, two test persons (A + B) each were placed 5
at one desk (for arrangement of measuring equipment see Fig.2).

........ \ ... .. _.

Fig. 2 Experimental set-up

They had been fitted with ECG electrodes, a temporal pulse sen-
sor and a respiratory rate sensor (nose). The cuff of the
blood pressure recording device had been fitted to the upper
left arm. Measuring and sound-producing equipment had been in-
stalled in an adjoining room. Test persons A and B could be
alternatively connected to a semi-automatic blood pressure re-
corder (Stereocard, Dr. Lange, Berlin). The filtered Korotkoff
signals and the trigger impulses controlling the pressure
gauges of the Stereocard device were visualized by a double
beam storage oscilloscope, so that doubtful measurements could
be eliminated.

The parameters, heart rate, respiratory frequency, tempo-
ral pulse, and pulse wave travelling time were measured by
means of computer-controlled data recording equipment.

One measuring cycle for the two test persons took 20 min.
Blood pressure was recorded during this period. During the en-
tire period (8 h), urine was collected in a bottle containing

M , • • m i 1I
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Fig. 3 Registration of direction of sight in a test person

a, Caloric nystagmus, horizontal plane
caused by rinsing the right ear with water of 17 C

b) Non-periodic nystagmus-like jerks of the eye
after the beginning of antiphase earphone
exposure, 5 Hz, 135 dB (+ blinking)

hydrochloric acid. Upon termination of work, the urine volume
was determined and a urine sample adjusted to pH 3 to 4 and
stored under refrigerated conditions. Epinephrine and norepi-
nqhrine were determined by fluorimetry after one week at the
latest (for method see Ising et al., 1980). Following these
examinations, c-AMP was determined in deep-frozen urine samples.

Questionnaires had to be completed during the lunch break.
It contained questions about the psychological tension, tired-
ness and loss of efficiency of the subjects.

RESULTS

Infrasound within the range of the maximal level observed

in machine areas, public transport etc. has been found to cause

neither disturbances of equilibrium nor real nystagmus or

nausea. Only in one test person out of five, anti-phase ear-

phone exposure (135 dB, 5 Hz) caused single nystagmus-like eye

movements (Fig. 3, indicated by arrows). They appeared at

stochastic intervals and were more frequent at the beginning

of exposure than later on.

Experiment 1

The results of the questionnaire inquiry have been repro-
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duced in Table 1, where 6 represents the averaged scale value

difference of the answers given by test persons following infra-

sound exposure and control situations, respectively. Infrasound

exposure that meant a nuisance was represented by a positive &
In the last column of the table, the probability of error p

calculated by the t test indicates whether the 6&.values were

incidental or meant significant effects of infrasound. The in-

fluence of infrasound was greatest in respect of the concentra-

tion power. The second place was occupied, with equal shares,

by nuisance and exhaustion due to infrasound.

Table 1 Results of questionnaire inquiry

6 : Mean difference of scale values for infrasound
exposure and control conditions

p Probability of error established by the t test

Statement 6 p

It takes more effort than usual
to keep something in mind 1.4 0.001
I feel I need some rest 0.8 0.001
I am content with working conditions 0.8 0.01
I feel disturbed 0.75 0.05
I feel a need of recovery 0.7 0.001
I feel unaffected 0.7 0.01
I feel arnoyed 0.7 0.05
I feel quiet 0.6 0.001
I feel attentive 0.6 0.01
I feel well 0.6 0.01
I feel listless 0.5 O.Or
I feel exhausted 0.4 0.05
I feel dumb o.4 -
I feel fully awake 0.3 -
I feel sullen 0.2 -
I feel giddy 0.1 -
I feel sleepy 0.05 -

Judging by spontaneus statements, only 5 out of the 28 test

persons felt completely uninfluenced. The remaining 23, when

exposed to infrasound, made the complaints listed in Table 2.
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Table 2

Spontaneous remarks on subjectively experienced influence

of infrasound

Number of test persons 28
thereof completely uninfluenced 5
more or less intensively felt influenced 23

1) reduced concentration power 8
2) increased tiredness upon termination

of test situation 7

3) increased feeling of tenseness during
test situation 3
increased feeling of tenseness upon
termination of test situation 6

4) sensation of pressure upon the ear 5
5) unpleasant sensation like "vibration" 3

6) slight indisposition when watching a movie
during sound exposure 2

7) increased effort needed for learning 2
8) headache 1

9) feeling of giddiness 1

10) noise-associated nervousness 1
11) roaring sensation in head and ears 1

1 - 4 hours after termination of test
situation:

12) headache 2
13) indisposition 2

14) particular fatigue 2

The physiological parameters recorded (blood pressure, heart

rate, finger pulse amplitude) were not significantly altered

by infrasound (Ising et al., 1982).
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Experiment 2

The results of the questionnaire inquiry are given in Table 3.

Table 3

Psychological state of test persons

Differences between control and exposure conditions

110 dB 75 dB(A)
Statement 3-6 6-12 12-24 TN

Hz Hz Hz

1) tense .4 5xx .3 9xx .3 9xx .73xxx

2) dissatisfied .34 -.05 .23 .4 5x

3) fit -.13 -.25 -.41 x -.75xx

4) irritable .14 .20 .25 .53x

5) tired .41 .03 -.3 6x .30

6) restless .4 5xx .22 .3 4
x  .50x

7) fresh -.56 x  -.4 5x -.17 -.6 1xx

8) excited .08 .03 .03 .019

9) lively -. 43 -. 20 -.03 -.42x

10) ill-tempered .14 -.02 .03 .25

11) awake -.48x .02 -.03 -.25

12) able to
concentrate .08 -.03 -.20 -.42

Significance levels (Wilcoxon test) -

x = 0.05

xx = 0.01

xxx = 0.001

The statements were grouped by the following dimensions:

1) Placitty versus tension: "tense", "irritable", "restless";

2) Vigour versus tiredness: "tired", "fresh","lively","awake";

3) Fitness versus loss of efficiency: "able to concentrate",
"fit";

4) Good versus bad mood: "ill-tempered", "irritable"
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In the dimension "tiredness", there was a remarkable decrease

with increasing frequency, the difference between the condi-

tions 3-6 Hz and 12-24 Hz. being significant (p 4 0.01).

The frequency dependency of the first three dimensions is shown

in Fig. 4. Examples of the automatically recorded parameters

are given in Fig. 5.
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Fig. 4 Psychological reactions to infrasound
and traffic noise

The results of the physiological and biochemical measure-

ments are listed in Table 4. Additionally, the significant

alterations as compared to the control conditions are listed

in Table 5.

There were some slight increases of catecholamines and

blood pressure and a corresponding decrease of pulse wave

travelling time, indicating a slight stress effect of infra-

sound. It may be of interest to mention the significant de-

pression of the respiratory rate observed at the lowest infra-

sound frequency.
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Fig. 5 Example of automatically recorded physiological
parameters of one test person
(mean values over 9 min each and s.d.)

Table 4

Mean values of physiological and biochemical parameters established under

control and exposure conditions 75 d()

Control 110 dB Traffic
3-6 Hz 6-12 Hz 12-24 Hz noise

Blood pressure systolic
(mm Hg) 115.4 115.6 116.1 117.3 116.2

Blood pressure diastolic 76.6 76.2 76.8 77.6 + )  77.4+)
(m Hg)

Heart rate (min ) 71.6 73.7 70.9 72.3 74.2

Respiration rate (min - ) 16.3 15.6 + + ) 15.9 16.1 16.4

Pulse wave 192.4 193.3 189.9 188.5 183.6 +)

travelling time (ms)

Epinephrine (,ug/8 h) 4.27 4.98 4.89+) 5.13 +)  4.59

Norepinephrine (/ug/8 h) 11.1 12.3 12.4 12.3 13.4 
+ )

c-AMP (/umol/8 h) 2.02 2.08 2.03 2.12 2.13

Signifitance levels (Wilcoxon test) -

+) P e- .0
p . 0.05
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Table 5

Comparison of exposure and control conditions

Significant alterations of parameters:

110 dB 75 dB (A)

Parameter 3-6 6-12 12-24 Traffic

Hz HZ Hz noise

Psychic tension xxx xx xxx

Fitness x xxx xxx

Mood x xx xxx

Epinephrine x x

Norepinephrine x

Respiratory xx
rate

Blood pressure x x
diastolic

Pulse wave
travelling time x

Significance levels (Wilcoxon test) -

x = 0.05
xx = 0.01
xxx = 0.001

scussion

The results show that infrasound acts as a non-specific stres-

sor in a similar way as does audiosound. The stress effects of

infrasound will rise with the subjectively perceived loudness,

i.e. both with rising sound pressure and rising frequency.

According to Yeowart (1976), the mean loudness levels of

the 110 dB infrasound octave bands are
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frequency/Hz loudness level/phone

3 - 6 10

6 - 12 50

12 - 24 90

While the stress effects of infrasound increased with the per-

ceived loudness, a special infrasound effect has shown an

opposite tendency. Infrasound near the hearing threshold

caused a significant depression of the respiratory rate and

an increase of tiredness and psychological tension. The follow-

ing considerations may explain these effects. In nature, sound

has the function of a warning signal. Distant thunder and

other noises have a low frequency spectrum because of the

frequency-dependent dissipation of soundwaves. Humans auto-

matically concentrate to detect such low frequency noises near

the hearing threshold and stop breathing for a short time.

Normally, this concentrated listening will last only for a few

moments and is repeated from time to time if the noise con-

tinues. This may explain the decreased respiratory rate and

increased tension and tiredness.

Sensitized persons, however, are not able to stop con-

centrating on such low frequency noises near the hearing thres

old. A forced concentration on long-lasting nearly inaudible

noises may therefore be the cause of the strong, annoying

action of low-frequency soft noise on sensitive persons

(Leventhall, 1980).

In contrast to suggestions by Gavreau (1968), we did not

find infrasound effects like disturbances of equilibrium, nau-

sea or real nystagmus. The sporadically recorded jerks of the

eyes in one test person may explain the reports by Evans and

Tempest (1972). However, these eye movements were not periodi-

cal and vanished shortly after the beginning of exposure.

Conclusions

In this study, effects of inaudible infrasound were not

detected. Infrasound near the hearing threshold may force sen-
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sitive persons to listen with high concentration and thus may
affect these persons strongly. In normal persons, infrasound

acts as a non-specific stressor. The stress effects increased

with increasing subjectively perceived loudness.
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PHYSIOLOGICAL EFFECTS OF ENVIRONMENTAL NOISE ON NORMAL AND MORE SOUND-
SENSITIVE HUMAN BEINGS

R~6vekamp, A.J.M.

Sound, Light and Indoor Climate Division
TNO Reaearch Institute for Environmental Hygiene, Delft, the Netherlands

INTRODUCTION

For a periode of more than seven years the TNO Research Institute for

Environmental Hygiene has carried out an investigation into the influence

of noise exposures of longer duration on blood circulation and respiration.

In a first investigation carried out in the Institute it was found that

two-hour exposure to fluctuating white noise and traffic noise caused

larger effects in the physiological parameters measured than two-hour

exposure to constant white noise with even higher equivalent sound levels.

Therefore, a second investigation was carried out into the physiological

effects of different environmental noises with a fluctuating or impulsive

character.

Physiological effects on normal and more sound-sensitive human beings

have been determined in this second investigation. In this paper some

details about this investigation are presented.

EXPERIMENTAL METHOD

Experiments with "normal" subjects

in total 88 experiments were carried out with fifteen subjects. These
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subjects were healthy and had no special problems with regard to noisc.

In this paper they are called "normal" human beings.

Of the fifteen subjects eight (4 women, 4 men) were aged between 20 and

30 years and the other seven (3 women, 4 men) between 40 and 66 years.

During six different experiments the subjects were exposed both to road

traffic, aircraft, railway and synthetic impulsive noise and quiet. The

aim was to study the effects caused by a two-hour exposure on the heart

rate, the vasoconstriction, the systolic and diastolic blood pressure and

the respiration rate.

During an experiment a test subject was alone in an air-conditioned room.

During the whole experiment the subject sits on a bench. The background

noise level in the room was about 35 dB(A). When there was no task to be

carried out the subjects were permitted to read a magazine or a book

during the experiment. Most experiments were carried out in the morning

and there was only one experiment a day.

Each experiment can be divided into three periods:

- Period 1, quiet, duration I hour. In the last 20 minutes, the physiolo-

gical signals are recorded.

- Period 2, duration two hours. The test subject is exposed to noise and

carries out a task.

- Period 3, recovery period, duration one hour. Without exposure to noise,

just as period 1.

During the last two periods also the physiological signals are recorded.

To see whether any effects caused by noise occurred, the subjects also

participated in control experiments without exposure to noise in period 2.

During period 2 of the experiments with noise exposure and one control

experiment the subject's task was to look for a small red coloured dot

in some of the slides projected on a screen. The aim of this simple task

606



was to keep the test subject alert. In all experiments the equivalent

sound level during the exposure to one of the noises was 75 dB(A). The

road traffic noise was recorded in a town near a crossing of a very busy

highway with traffic lights. The railway noise was recorded near a station

where a lot of through trains pass. The aircraft noise was recorded in a

forest near a big airfield. The impulsive noise consisted of synthetic

impulses.

Experiments with "sound-sensitive" subjects

After the above-mentioned experiments more eyperiments were carried out

with nine subjects who were more sensitive to sound. By means of articles

in newspapers the Institute reported results of just described experiments

and asked people considering themselves sensitive to noise to contact.

About hundred people reacted. By means of a questionnairo,n personal talk

and a visit to their homes nine persons were selected. They all felt

themselves threatened by noises, were influenced physically or mentally

in a serious way, or were annoyed, agressive or rebellious. After a

further study of their living environment these nine "sound sensitive"

persons were exposed to noise during several laboratory experiments. All

were exposed to traffic noise. Depending on their personal sensitiveness

some of them were exposed either to aircraft noise or to impulsive noise

or to pure tones combined with constant white noise.

The experimental set-up was the same as described in the first part of

this paragraph. All sensitive subjects participated in a control experi-

ment without noise exposure. During period 2 of the experiments (inclu-

ding the control experiments) they carried out the task.

Period 2 lasted only one hour.
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Physiological measurements

The physiological signals taken from the normal and the more sensitive

subjects were converted into electrical signals and then processed by

computer. During the whole experiment the number of heart beats and res-

pirations were counted each minute. Volume changes of the arterial blood

circulation were measured with an impedance plethysmograph. In experiments

with normal subjects the electrodes were placed around the arm and in the

experiments with the sound-sensitives around the finger.

From the relative part of the impedance plethysmogram, tha mum value

of the signal, occurring as a result of a contraction of t loart, was

determined, and for each minute the mean value was calculat 'y computer.

A reduction of the amplitude of the relative impendace plethysmogram is a

result of a vasoconstriction.

Every five minutes the systolic and diastolic blood pressure was measured

automatically. For all periods and all parametersthe median value was

calculated. From all values of the parameters of the periods 2 and 3 so-

called normalized values were derived by relating

them to the corresponding values during period 1. In this way it was pos-

sible to compare results of different experiments and exposures with each

other.

RESULTS

Physiological effects on normal subjects

For all subjects together the means of the normalized values were calcu-

lated for the period 2 and 3 for each physiological parameter and for

each different type of experiment. In comparing the values of the control

experiments and those of the experiments with noise exposure various sta-
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tistically significant changes due to noise exposure were determined in

period 2. The percentiles of these changes are given in table I. In all

cases the increase in the heart rate or respiration rate, during exposure

to one of the noises was statistically significant.

Impulse noise caused the largest effects in respiration rate and almost

the largest in heart rate. Also an increase in the systolic and (liastolic

blood pressure was found. Again impulse noise caused the largest and also

statistically significant increases in blood pressure. Compared with

control experiments with a task noise causes a small vasodilatation, indi-

cated by an increase of about 1.5 Z in the amplitude of the plethysmogram.

Comparing the values of period 3 (recovery period) of the control experi-

ments and those of the noise experiments it was observed that within one

hour after ending noise exposure most physiological parameters were going

back to their baseline level. Table I shows the percentiles of the rela-

tive changes of these values.

Table 2: Subjective experience

Noise source % of subjects that were

very annoyed or annoyed

Impulse noise 76.9 %

Railway noise 61.5 %

Road traffic noise 50.0 %

Aircraft noise 57.1 %

Road traffic noise and sound-sensitive subjects

In their living environment most of the nine sound-sensitives were very

much annoyed by road traffic noise. Therefore, all nine subjects were

exposed to road traffic noise (L 75 dB(A)) in our laboratory. For
eq

all these subjects the same calculations as for the "normal" subjects were
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made. Table 3 shows the relative changes due to road traffic noise both

for the sound-sensitive and the normal subjects. The "sound-sensitives"

show an increase in the heart rate and respiration rate of more than 3 %.

Although the exposure period for the sound-sensitives was shorter (0 hour)

the relative changes are larger. Further the sound-sensitives show a

vasoconstrictive reaction in the finger and the ear lobe.

Table I - Relative changes in physiological parametersof normal subjects
due to noise exposure

Relative changes in physiological parameters in %.

Noise Vasocon- Heart Respira- Blood pressure
during striction rate tion rate Systolic Diastolic
period 2 (2) (3) (2) (3) (2) (3) (2) (3) (2) (3)

Trains -1.0 -2.8 +4.5 +3.7 +3.4 -6.5 +2.8 +2.7 +0.2 -0.4
n n s s s s s s n n

Road -2.9 -1.1 +2.4 -0.5 +1.4 -1.6 +3.1 +2.7 +1.5 +2.1

traffic s n s s s s s s n n

Air- -2.7 -3.1 +2.3 0.2 -1.6 -6.4 +4.8 +2.9 -0.2 -2.6
crafts n n s n s s s s n n

Impulses +0.6 +2.8 +4.3 3. +4.9 0.3 +5.0 +3.7 +3.7 +0.5
n s s s s n s s s n

Mean -1.5 -1.1 +3.4 +1.6 +2.0 -3.6 +3.9 +3.0 +1.3 -0.1

s: statistically significant difference (p = 5 %)

n: not statistically significant (p = 5 %)

(2): noise exposure period compared with same period of control experi-

ment with a task

(3): period 3 (recovery) compared with same period of control experiment

with a task

Subjective experience of normal subjects

Impulse noise seemed to be the most annoying of all noises. In table 2

the annoyance percentiles are given for all noise exposures.
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Table 3 Physiological changes due to road traffic noise

Relative changes in % (2)
Physiological parameter Sound-sensitives Normals

Vasoconstriction in arm (1) -2.9 s

Vasoconstriction in finger +3.0 n (i)

Vasoconstriction in ear +6.2 s (1)

Heart rate +3.3 s +2.4 s

Respiration rate +3.1 n +1.4 s

Systolic blood pressure +3.3 n +3.1 s

Diastolic blood pressure +3.0 n +1.5 n

(I): not measured

(2): noise exposure period compared with same period of control

experiment with a task

s : significant difference (p = 5 %)

n : not significant

Individual reactions of sound-sensitive subjects

During exposure to road traffic seven of the nine subjects showed an in-

crease in parameters of blood circulation and respiration. Although the

equivalent sound level during the experiment was much higher than in

their own living environment they felt the same stress.

Some of the sensitive subjects were also exposed to noise from aircrafts

or impulsive noise. After the experiments they were asked about their

subjective experience. Most complaints about the noise exposure were also

found as physiological changes in the relevant parameters. During a

special experiment one of the subjects was exposed to the same noise as

was found in her living environment. At a distance of 500 m from her

house there was a factory which produced a sound like white noise of
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about 50 dB(A) and also a tonal sound (400 Hz) with peaks up to 57 dB(A).

No other sound components above 25 dB(A) were measured. In our laboratory

the same situation was composed. The test schedule is given in table 4.

Table 4 Test schedule for a special experiment on one subject

Period in minutes Exposure

I: 0- 25 Silence 30 dB(A)

2: 25- 45 Silence and task

3: 45- 65 White noise 45 dB(A) and task

4: 65- 85 White noise 45 dB(A), 400 Hz tone
of 45 dB(A) and task

5: 85- 115 White noise 45 dB(A)

6: 115- 125 White noise 45 dB(A), 400 Hz tone
increasing from 45 dB(A) to 55 dB(A)

7: 125- 175 Recovery

Figure I shows the changes in respiration rate,heart rate and the

plethysmogram of the finger during the various periods mentioned in

table 4.

The first time (period 4) the subject was exposed to the 400 Hz tone no

effect in physiological parameters was shown.Probably the tone was masked

by white noise. Then in pcriod 6 the subject was exposed again to the

400 Hz tone. The sound level increased slowly from 45 dB(A) to 55 dB(A).

At the moment the 55 dB(A) sound level was reached the subject reacted

very emotionally and panicked. The heart rate increased from 75 beats per

minute to 120 - 130 beats per minute. In the finger a vasoconstrictive

reaction of almost 70 % from the baseline (100 %) was determined. The

irregularity between heart beats also doubled in that period. The

systolic blood pressure increased with 15 mm Hg whereas the diastolic
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blood pressure increased with only 4 mm Hg.

Undoubtedly this person showed physiological effects especially in para-

meters of blood circulation which were very much higher than determined

in other experiments. The direction of these changes was the same.

RESPIRATION RATE

HEART RATE

i1.101 , I,",

00 .4. i ' ,
'i4

IMPEDANCE PLETHYSMOGRAM

Fig. I - Physiological effects on one particular subject caused by white
noise and a tonal sound of 400 Hz.

CONCLUSIONS

It can be concluded that exposure to environmental noise with an equiva-

lent sound level of 75 dB(A) causes a statistically significant increase

in the heart rate and respiration rate, a small increase in the systolic

blood pressure and some vasoconstrictive changes. Changes of 3 up to 5 Z

were determined in heart rate and respiration rate. Sound-sensitive
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subjects reacted with larger changes than normal subjects .Only sound-

sensitive subjects when exposed to road traffic noise reacted with a vaso-

constriction of about 3 % and 6 %, respectively, in finger and ear lobe.

In some cases sound sensitive subjects were exposed in our laboratory to

noise which annoyed them very much in their daily lives.

Mostly they reacted with large changes. Especially in one case exposure

to her own daily sound caused tremendous effects as doubling the heart

rate, a 10 to 15 mm Hg increase of the systolic blood pressure and a

vasoconstrictive reaction up to 70 % below the baseline (100 %).

The tendency to the increase in parameters of blood circulation and

respiration, when subjects are exposed to noise can be explained if noise

is considered a stressor.

These results lead to considering two kinds of future research in labora-

tory:

- study of the effects of long-duration (8 hours) environmental noise ex-

posure with equivalent sound levels lower than 75 dB(A) on the heart

rate and respiration rate to establish the level which causes no effects;

- psychological and physiological experiments in which sound exposure is

combined with the personal sound sensitiveness of the subjects.

Perhaps it is possible to combine these two aspects.



INDUSTRIAL NOISE, ANNOYANCE AND BLOOD PRESSURE

Dijk, F.van, Souman, A. and Vries, F.de

Coronel Laboratory, Amsterdam, The Netherlands.

INTRODUCTION

Results of an experimental study and an epidemiological study in in-

dustry on extra-auditive effects of noise, will be presented, as far as

they reflect annoyance and blood pressure.

Much experimental research on noise and blood pressure has been carried

out. In most experiments diastolic blood pressure increased, whereas systo-

lic blood pressure did not show a consistent reaction-pattern (Andr~n et al

1978, 1980; Geltischeva 1972; Ising et al 1980 (a) (b). Almost all experi-

ments, however, were performed on resting subjects under laboratory condi-

tions. Extrapolation to industrial conditions, therefore, can at most be ap-

proximative. To carry out this study we tried to find an industrial setting.

However, a pilot-study in industry taught us that noise exposure, dynamic

and static muscle exercise and mental stressors were too difficult to con-

trol. We had to return to the laboratory to plan a well-controlled experi-

ment, simulating industrial conditions. The difference between this study

and most other experiments is that blood pressure was measured on subjects

doing light physical work.
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In some epidemiological studies higher blood pressures are measured in

noise-exposed workers in industry; in other studies such differences are

not observed (Doyon et al 1978; Jansen and Gros 1978; Kalicifiski et al 1975;

Malchaire et al 1979; Manninen and Aro 1978; Verbeek et al 1980). In most

studies it was not possible to consider the other working conditions se-

riously. In some cases the blood pressure meter might give biased readings.

No corrections for the effects of age and relative weight on blood pressure

were made in every study. To overcome some of these difficulties we per-

formed some epidemiological studies, one of which is presented here.

Surprisingly studies of annoyance by noise in industry are very rare in

contrast to studies of annoyance by noise in the outside environment. In

our study we paid special attention to this subject. Annoyance might be an

intermediate to noise effects like blood pressure and in itself might have

a negative effect on the quality of work.

LABORATORY EXPERIMENT

MATERIAL AND METHODS

Twentyfour male subjects (21-33 yr) performed four periods of light phy-
sical work under laboratory conditions. Each period lasted 133 minutes con-

taining 10 minutes for work without noise followed by a blood pressure mea-

surement to get used to the procedure, and four times 20 minutes for work

under noise or non-noise conditions (scheme).

work

I II III IV

0 5 15 35 45 65 75 95 105 125 133
minutes

U Urine voiding

W Test work period
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E Work

[] Blood pressure measurement I to IV

R Rest in quiet room

Dynamic muscle exercise was hardly done. Subjects were standing and did

some static muscle exercise with the arms. Time pressure and other mental

stressors were absent. The mean noise level (Leq), measured by personal

noise dosemeters (CEL 179 B), was 98 dBA (range 94.5-99.0 dBA) with maxi-

mum noise levels at 2, 4 and 8 kHz. All subjects worked two periods with

perforated earmuffs and two periods with intact earmuffs, in order to com-

pare blood pressure with and without noise exposure. The lowest 25% per-

centile of the attenuation of the intact earmuffs was 34-43 dB for 1, 2,

3, 4 and 6 kHz.

The test-sequence for each subject was randomized in order to avoid in-

fluence on the total results. Blood pressure and heart frequency were mea-

sured four times at the end of every 20 minutes work. Each measurement was

done three times, the second and third measurement were used for analysis.

Measurements were done by an automatic blood pressure meter (Dinamap 8 4 5R)

working on oscillometric principle; during the measurements the subjects

stood in working position, wearing their perforated or intact earmuffs in

the noisy work environment.

At the start and at the end the subjects were asked to avoid as much

urine as possible; the latter portion was collected and analyzed by a HPLC-

method for catecholamines.

RESULTS

The mean diastolic blood pressure of all subjects was significantly in-

creased during noise conditions, if compared with the control conditions.

The difference was small: 1 mm Hg. The mean systolic blood pressure and

heart frequency did not differ significantly (table 1)

Table 1. Blood pressure (mm Hg) and heart frequency (beats/min) under

noise and non-noise conditions

lo eongiTllib (.b.a) 1oxmnoo (.b.a) 9aon

.a.n t1.0 (8£.8) PI.T21 (Z!8.?) 8.T&I .q.d olIolaya nesm

*a.O >q 1.1 (ae.a) 1.1 T (g'£.a) £.CT .q.d ollolasib nssm

.a.n P.i- (aa.LX) e.8T (Ee.1r) a.vv Y:)n9ipsxl 1ised nasm

.bolia-sno ,Jesl-T be~isq ,eO.)q *
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The mean course of blood pressure and heart frequency during the experi-

ments is shown in Figure 1. Each value represents the mean value of 96 mea-

surements. Diastolic blood pressure was significantly higher during noise

conditions at time I, heart frequency was significantly lower at time III

(paired T-test, p( .05, one-tailed). The mean excretion of adrenaline and

noradrenaline in the urine did not differ between both conditions (table 2).

mm Hg beatsknin
130 1systolic b.p. 82 heart frequency

128-J82
/0

126 80

78

76 diastolic b.p. 76

74 -. 74

72 0 ,, '
'I I i i vtime I II III IV

work period n F work period

-noise

controt

Fig.1 - Blood pressure and heart frequency under noise and non-noise con-

ditions.

Table 2. Mean (nor)adrenaline excretion (ng/mmol creatinine) during noise

and non-noise conditions

noise (s.d.) control (s.d.) difference

noradrenaline 1672 (530.1) 1654 (598.2) 18 n.s.

adrenaline 492 (229.5) 459 (242.3) 33 n.s.

paired T-test, two-tailed
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DISCUSSION AND CONCLUSION

Diastolic blood pressure was slightly increased under noise-conditions.

This is in good agreement with results of other experiments. The effect of

noise, however, was small. One possible explanation of the small effect in

this experiment is the influence of static work on blood pressure, over-

shadowing an effect of noise.

In other experiments elevation of adrenaline excretion has been observed

particularly when also other stressors than noise (e.g. mental stressors)

were present (Andr~n et al 1978; Ising et al 1980(a); KlotzbUcher und Fich-

tel 1978, 1979). In other words: noise might have been not disturbing

enough in our experiment.

EPIDEMIOLOGICAL STUDY

MATERIAL AND METHODS

In an epidemiological study 539 male workers of seven factories were
examined in cooperation with five occupational health services. At first
a questionnaire was completed, subsequently a hearing test was carried out
and blood pressure, lenth and weight measured.

For the hearing test various continuous audiometers, all calibrated,
were used. Blood pressure was measured with a Waterpik ProfessionalR auto-
matic blood pressure meter with a microphone in the cuff. Three measure-
ments were made, the second and third were used. In one factory (n=116)
blood pressure measurements were not carried out according to our instruc-
tions; these results were excluded.

In each factory noise exposure was measured with personal noise dose-
meters in representative samples of workers at different locations and
with different jobs. Most measurements were done by calibrated CEL 179 and
CEL 172 noise dosemeters with a very fast time constant, some with calibra-
ted Genrad 1954/9730 noise dosemeters (time constant slow). All dosemeters
were worn in the breast pocket with the microphone attached to the collar.
At all factories data on other recent noise measurements were available.

RESULTS

The non-respons was 27%; the most frequent reasons were sickness absen-

teism, language problems and holiday. From the age of 50 year onwards the

relative number of workers in the study was rapidly declining as is usual
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in Dutch factories.

In cooperation with local experts every worker was classified according

to a noise level on basis of the results of 126 personal noise dosemeter

measurements and of other recent noise measurements: 13% worked at 80-85

dBA, 28% at 86-90 dBA, 33% at 91-95 dBA and 25% at more than 95 dBA.

Burns and Robinson (1970) discovered that hearing loss was caused by

noise according to an equal energy principle. The following formula for

noise energy was the most useful to predict hearing loss due to noise (sim-

plified and useful only between certain limits): noise energy = mean noise

level (Leq, dBA) + 3,7 + 10 log exposure during (year). This formula was

used to calculate noise energy levels to relate to extra-auditive effects

of noise in longterm exposure. The noise energy classification is based

upon mean noise level and years worked at the present department. Workers

with noise exposure at other factories or departments were excluded (n=265).

This noise measure was called Equal Energy (EE).

A second measure was constructed to give more emphasis to duration of

exposure. Noise levels were coded 2 to 5* and exposure duration was mea-

sured as in EE. The simple product of noise level and duration of exposure

was used as second noise measure to relate to longterm exposure: Level x

Years (LxY).

Hearing protection was worn always or most of the time by 33% of the

workers. The percentage increased with noise level (dBA) (r=.38, p .05).

Workers with more annoyance by noise wore more protection than their col-

* 80-85 dBA = 2

86-90 dBA = 3

91-95 dBA = 4

95 dBA = 5
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leagues with less annoyance, corrected for noise level (dBA) (r=.22, p

.05). Older workers used less protection compared with younger ones. It is

likely that hearing protection provided some protection against auditive

and extra-auditive effects of noise.

By means of regression coefficients blood pressure corrections were made

for the influence of age and relative weight (Qu~telet-index). No signifi-

cant correlations were found between EE or LxY and the corrected blood pres-

sure (p? .05). In figure 2 the percentage of workers with a high corrected

blood pressure is presented at different EE-levels.

0/0 workers

40

20-

0 I I I I I
score 83-94 95-99 100-104 105-109 110-120 EE
n 23 59 47 51 36 n= 216

Fig.2 - Percentage of workers with a corrected systolic blood pressure

b140 mm Hg and/or a corrected diastolic blood pressure 490 mm
Hg at different EE-levels.

With respect to EE, an analysis was carried out in order to correct for

confounding factors in the work environment. Only shiftwork emerged as a

possible confounder. Shiftwork was positively correlated with EE, but

shiftworkers had a lower corrected blood pressure than day workers, maybe
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an effect of selection. However, neither shiftworkers (n=102) nor daywork-

ers (n=108) showed a significant correlation between EE and blood pressure

(p ).05) so the former association did not change. Use of hearing protect-

ion was not correlated to blood pressure; it could therefore not be a con-

founder.

The original blood pressure values did not increase above the age of

40-44 years. Workers becoming older maybe underwent a selection process

connected with their health. To correct for this "healthy worker effect",

another analysis was carried out only for workers younger than 45 years.

No significant correlation, however, could be found between EE or LxY and

the corrected blood pressure.

In the analysis with respect to hearing loss due tot noise, all workers

were excluded with abnormal findings at the otological examination. Correc-

tions for presbyacusis were made according to Spoor (1972). The greatest

hearing loss at 3, 4 or 6 kHz at one or both ears after presbyacusis cor-

rection, was taken as measure of hearing loss due to noise. Hearing loss

due to noise was positively correlated with EE and LxY (r=.26 and r=.30.

p <.05, n=226) (figure 3). Two third of the workers was annoyed by noise.

Many workers reported sometimes annoyance problems at work, probably becau-

se many noise sources had an intermittent caracter (fig.4). At least one

particularly disturbing noise source was mentioned by 84% of the workers;

28% reported work tasks which were sensitive to being disturbed by noise.

Tasks involving only mental load like administration, thinking, measuring

and controlling, were mentioned 83 times, manual tasks 62 times (usually

noisy tasks) and tasks involving conversation 33 times.

The correlation between the noise level and annoyance by noise as asked

by a simple question on annoyance, was small, though significant (r=.11,

p (.05). A higher correlation was found between noise level and conversa-
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0/0 workers

~15 dB

60- '-hearing toss

40

.- >40dB
20 -" hearing Loss

score 83-94 95-99 100-104 105-119 110-120 EE
n = 27 61 54 53 31 n=226

Fig.3 - The association between noise exposure (EE) and hearing loss due to

noise as the percentage of workers have more hearing loss than 15

dB respectively 40 dB at 3, 4 or 6 kHz at one of both ears, after

presbyacusis correction.

tionaO problems caused by noise (r=.23, p< .05) (fig.5). Annoyance by noi-

se was not significantly correlated with age or number of years worked at

the present department after exclusion of workers with noise exposure else-

where (p > .05). No significant correlation could be found with hearing loss,

independent of its cause. At noise levels 80-85 and )95 dBA, however, a

significant positive correlation was found between hearing loss and conver-

sational problems due to noise (p <.05).
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perception of

convers ationi warning ns nos sensiti
problems 1  hindered task called

0/owrker statled gesture nijber anyac
bywrkr nois-rt-ed language dist~urbing F by noise

ynis necessar no ise sources

50 -V AV25 

3 
AV

0

an moderate m(very) much,
VAsomet im es mof ten, a Iway s

Fig.4 - Percentage of workers with complaints of different aspects of an-
noyance to noise 0n=539).

0/0 workers

75

50

25[

0
80-85 86..90 91-.95 --95 d BA (Leq)

n = 74 153 178 134

Ssornet mes always mrat (er) gc
problems by noise by noise

Fig.5 - Annoyance by noise and conversational problems in relation to the
noise level.
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DISCUSSION AND CONCLUSION

The positive relation between hearing loss due to noise and noise (EE)

was once again confirmed. No significant correlation, however, could be

found between exposure to noise and blood pressure, corrected for age and

relative weight. Corrections for possibly confounding factors and for se-

lection of older workers because of health did not change this finding.

The literature on this issue is inconsistent. Some epidemiological stu-

dies demonstrate a positive relation between noise exposure and blood pres-

sure, other studies did not find that association. In this study, we could

only correct for a part of the healthy worker effect. This might be a rea-

son for not finding a positive relation between blood pressure and noise in

this cross-sectional study.

Another explanation could be that so many factors like physical and men-

tal strain, diet and genetical disposition influence blood pressure that it

is nearly impossible to find differences in blood pressure due to noise,

particularly when the effect of noise is relatively small.

Many workers were annoyed by noise. Questions on sources of disturbing

noise resulted in much information that could be used to improve working

conditions. Mental tasks were more sensitive to disturbance by noise than

manual tasks. Annoyance by noise was lowest at 80-85 dBA but did not in-

crease above this level in this study. Conversational problems, however,

kept raising over increasing noise levels. Annoyance was not influenced by

age or hearing loss. Habituation after years of working in a noisy environ-

ment could not be demonstrated.
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BODY SWAY CHANGES AFTER SINGLE AND PAIRED EXPOSURE TO NOISE
AND WHOLE BODY VIBRATION

Manninen, 0.

Department of Public Health, University of Tampere, Box 607,
SF-33101 Tampere 10, Finland.

INTRODUCTION

In man the center of gravity is high but the supporting

surface formed by the soles of the feet is small. To maintain

balance, good posture observation and a regulating system is

therefore necessary. For example, many tasks carried out in

work environments presuppose good regulation of the posture.

By studying the changes in the centers of pressure on the

supportive surface of the soles, information can be gathered

about the body's center of gravity, changes in the accelera-

tion of the center of gravity and the functioning of the

otoliths in the semicircular canals. Changes in the balance

system can thus be estimated directly by studying body sway

at a very low frequency (Nashner, 1971).

The purpose of the present study was to clarify whether

intensive noise or low-frequency vibrations are significant

in causing upringht body posture sway. Some earlier studies

have apparently indicated that in the stabilogram frequencies
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of 1 and 2 Hz are important borderlines in cases where the

subjects were exposed to vibration alone. On the other hand,

some studies have shown that intensive noise may cause dizzi-

ness and instability of the upright posture (Manninen, 1980).

The same symptoms may occur at a very low noise, if the noise

is directed at only one side of the body (Ades et al, 1957;

Bell, 1966; Kryter, 1970).

MATERIAL AND METHODS

The present study is part of a long research program
dealing with the individual and combined effects of noise,
vibration, temperature and work on the hearing threshold,
upright body sway and certain physiological functions. The
study was carried out in a special exposure chamber. The
principles underlying the exposure system and the details of
the production and regulation of the exposure stimuli are
described elsewhere (Manninen, 1982, 1983).

Ten healthy male student volunteers aged from 21 to 24
(X±s.d. =22.7 * 1.0 years) participated in the present

study. There were six exposure combinations of noise and
vibration, and a total of 60 experiments. The duration of
each experiment was 1 hour 45 minutes, consisting of a control
period of 30 minutes, three consecutive exposure periods of 16
minutes each, a four-minute measuring period and a recovery
period of 15 minutes.

During the experiment the subjects were sitting in a vi-
bration chair. Sinusoidal vibration at a frequency of 5 Hz
and a peak to peak stroke length of either 6.0 nun or 7.0 mm
was used. The vibration accelerations (rms) were correspon-
dingly 2.12 in/s2 (6.0 mm) and 2.44 in/s2 (7.0 mm). The noise
was broadband (range 0.2 to 16.0 kllz) A-weighted stable noise,
the intensity of which was set at 90 dB. During the experi-
mentation period other environmental factors were held as
constant as possible.

Changes in the upright body sway were examined using a
new kind of a body sway measuring device based on the use of
a microprocessor. Changes in body sway were estimated by mea-
suring the motion of the center of gravity in the directions
y and x. Body sway measurements were carried out twice during
the control period, once during each 16-minute exposure period
and once during the 15-minute recovery period. The measure-
ments were made about three minutes after exposure. Before
the analysis of the results the values obtained in the sway
measurements were corrected so that the values obtained after
the second control period were deducted from the values mea-
sured after the exposure and recovery periods.
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The measuring platform of the stabilometer was positioned
in the exposure chamber in such a way that during the measure-
ments the subject faced a wall. Given a signal, the subject
stood up from the vibration chair and took a standing position
on the load cells of the measuring platform. On the measuring
platform the subject, stood with his heels pressed together,
his feet outwards at a angle of 30-degrees, his back straight,
his hands loosely pressed against his thighs and his eyes
closed. Besides keeping their eyes closed during the measure-
ments, the subjects wore goggles that completely blocked out
all light.

In order to make the position of the head and body uniform
a line was marked on the wall of the exposure chamber at a
suitable height. The subject was asked to imagine that while
standing on the measuring platform he was looking at this
marking line despite the closed eyes and goggles. The sway
measurements were carried out under the supervision of the
researcher after the subject had taken up the position de-
scribed above. The subject stood on the measuring platform
for about 70 seconds, the signals of the first 10 seconds
being omitted. Actual sway analyses were thus made on the
basis of a 60-second sample.

RESULTS

In this report the size of the changes in the stability

of the upright body posture has been characterized with the

aid of arithmetic means of maximum amplitudes. Each subject's

greatest sway amplitude was determined within the frequencies

0.06-0.10 Hz and 0.10-0.60 Hz in connection with every mea-

surement. These results have been presented in Tables 1

and 2.

In the x direction, the maximum amplitudes of sway (i.e.

sway of upright body posture) within the frequency range

0.06-0.10 Hz increased more when the subjects were simulta-

neously exposed to noise and vibration. The means of the

amplitudes within this frequency range increased consistently

from one exposure period to another when the combinations of

noise and vibration included vibration at an amplitude of
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Table 1. The differences of arithmetic means of maximum
amplitudes of upright body posture sway within the frequency
ranges 0.06-0.10 Hz and 0.10-0.60 Hz in the x direction by
different exposure combinations and order of exposures (n=10).
The values have been adjusted in relation to the control
values obtained before the exposure period.

Amplitudes

Exposure Ist exposure 2nd exposure 3rd exposure
combination 1)  b b b

No noise, no vibration -3.8 - 8.7 -16.6 -19.8 - 9.0 - 3.7

90 dB(A) 6.2 11.0 - 3.9 19.0 - 4.2 - 1.1

5Hz(2.12 m/s 2 ) -5.4 - 6.4 4.7 - 7.9 - 3.3 -14.8
5Hz(2.44 m/s 2) 1.6 0.4 7.3 - 2.9 - 0.7 - 1.8
90 dB(A)+5Hz(2.12 m/s2) 4.0 14.6 4.8 11.2 10.1 15.6
90 dB(A)+5Hz(2.44 m/s2) 2.9 - 7.6 1.0 - 0.9 8.5 9.0

1) a = frequency range 0.06-0.10 Hz; b = frequency range 0.10-0.60 Hz

Table 2. The differences of arithmetic means of maximum
amplitudes of upright body posture sway within the frequency
ranges 0.06-0.10 Hz and 0.10-0.60 Hz in the y direction by
different exposure combinations and order of exposure (n=10).
The values have been adjusted in relation to the control
values obtained before the exposure period.

Amplitudes

Exposure Ist exposure 2nd exposure 3rd exposure
combination 1)a b a b a b

No noise, no vibration - 3.7 -27.0 -14.2 -35.2 - 9.4 -37.9

90 dB(A) - 3.5 5.6 - 4.0 4.1 -10.1 - 6.8
5Hz(2.12 m/s2

) -16.2 - 2.2 - 3.3 23.9 - 9.7 14.7
5Hz(2.44 m/s2

) - 4.8 - 4.9 - 9.7 - 2.9 -14.3 -11.8

90 dB(A)+5Hz(2.12 m/s
2 ) 19.1 11.7 19.0 14.5 - 4.7 10.4

90 dB(A)+5Hz(2.44 m/s
2 ) - 4.4 - 7.8 25.3 16.9 17.9 3.2

1) a = frequency range 0.06-0.10 Hz; b = frequency range 0.10-0.60 Hz
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7.0 mm. Within the frequency range 0.10-0.60 Hz the means of

sway amplitudes increased significantly after the first and

second exposure due to noise alone and after every three expo-

sures due to simultaneous noise and vibration. In this case,

too, the amplitude of the vibration of the exposure combina-

tion in question was 7.0 mm.

In the y direction, within the frequency range 0. 06-0. 10 Hz,

the means of the maximum amplitudes compared with the control

values were considerably larger than under exposure to simul-

taneous noise and vibration. Sway in the y direction also

seemed to increase as a result of noise alone and vibration

alone in the frequency range 0.10-0.60 Hz.

CONCLUSIONS

The results show that a relatively short-term exposure to

noise alone or to vibration alone may affect the stability of

the upright body posture. However, the instability of the

upright body posture increases significantly when noise and

vibration of an exactly equal kind affect the subject simulta-

neously. When the exposure is repeated, the changes in sway

seem to become intensified.

Because noise and vibration are very common in modern

work environments, the observations described have obvious

significance with regard to labor protection, for example.

The results conform with those obtained by the German

researchers Seidel et al. (1980), because in the present

study, as in the German study, the changes in sway are dis-

tributed in such a way that the sway is greatest within the
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lowest frequency ranges. Interpretation of this observation

is not easy, however. Van Eyck (1974) has proposed that, for

example, injury caused by noise does not concern only the

cochlea but also the balance system. A tentative explanation

for this is that the cochlea and the vestibular structures

are very close to each other (Cohen, 1977) . In the opinion

of Parker et al. (1968) it is impossible for noise energy to

bypass the vestibular receptors. Simultaneous acoustic and

vestibular stimulation is undoubtedly an indication of close

interaction between the hearing and balance systems, and de-

pending on the exposure situation, both stimulation routes

may come into question (Myer et al, 1971) . For this reason,

the combined effects of simultaneous noise and vibration on

the different functions of the organism and, for instance, on

low frequency changes in body sway, may be more intensive than

the individual effects of the same factors.

Regulation of the stability of the upright posture is a

complex physiological phenomenon . Partly because of this

complexity and partly because of the scarcity of sway measure-

ments based on frequency analysis, researchers today are not

unanimous, for example, about the best parameter to describe

upright posture sway. Additional research is therefore neces-

sary. In addition to comparison of the different parameters

describing sway and the examination of sinusoidal vibrations

we should in particular study stochastic vibrations and longer

exposures.
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A REVIE4 OF EXPOSURE COMBINATIONS INCLUDING NOiSE: THE E 1ANi15G OF
COMPLEX EXPOSURES

Manninen, 0.

Department of Public Health, University of Tampere, Box 607, SF-33101
Tampere 10, Finland

In the past few years doubts have arisen in many countries about the
reliability and applicability of the results of isolated instrumental
measurements of factors related to environmental hygiene. These doubts
are due, for instance, to the fact that thiese measurements have not led
to any significant change in the theories about the connection between
morbidity and occupational status. According to the conclusions drawn
from this, the health hazards in question are not caused by variations
in the intensity of individual environmental factors; the health hazards
are, in fact, combinations of the physical, chemical, biological and
psychosocial factors which characterize the circumstances in question.

The same kind of thinking is reflected in the literature in claims
that the combined effects of environmental factors on the organism are
greater than the independent effects of individual environmental factors:
For instance, "one environmental stress adds to the intensity of another
in such a way that the combined effect is greater than the sum of
stresses" (74) or "hazards, whether chemical, physical, biological or
stress, often combine in such a way that their effects are not merely
additive but synergistic" (4). For instance, the leading role in the
aetiology and pathogenesis of occupational di.eases may not be played by
different kinds of hazards of low intensity but instead by the combined
effects of these hazards (72).

In real life, describing combined effects is in no way this easy and
simple. In spite of their importance, the co nhined effects of the
different kinds of environmental factors are ,till, to a large extent, an
unexplored area of research. The lack of research in this area may partly
reflect the ways researc& ers approach problems , and partly the any
difficulties faced by the researcher in his work. In general, we Tdgjt

say that the more combinations of environmental factors are studied,
the more complex and refined is the measuring svzte required and the
more laborious, expensive and time-consuminr the research work is.
Increasing the number of factors to be studied increases exponentially
the need for the various resources required t. study their combination.;.
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Although existirg kaowed < o f rti- onset and dewlrpe'i 1 1
of diseases with many aet ologies is deficient, Lad 1 t t , , :
difficulties involved, it seems justified to aim at silrtne
examination of the details of' several factors. 71 ap1i>,.n 'wor'r.
considering because of the large number and versatility of' t!i 'actur.
present in traffic and practical work situations. he study -eslts
referred to in this review also provide good reason for the resea-rch lin
suggested here.

Noise can be regarded as one of today's worst and most (o'Tr<n en-rron-
mental pollutants. Noise, however, does not usually ccur alon in an
environment; other environmental factors or factors related to work artf
almost always connected with it. The study of the combined effects of
noise and various other environmental factors is therefore justified.

CHANGE I!N 'AI HFINC PiRESHOLD

Field studies. Deterioration of hearing is the best kiown of the Tlany
harmful effects of noise. However, as early as 1960, both FammileviTs (4!)
and Temkin (105) found that pathological changes in hearing were exacer-
bated by concomitant vibration. For example, Temkin pointed out that a
relatively large proportion of the disturbances in cochleovestibula-r
functioning in steel fixers were caused by the vibration and noise caused
by the equipment with which they worked. Parallel observations on acceler-
ated deterioration in hearing have since been made in many fields, in
particular among persons who are compelled to use machineoy and equipment
causing noise and vibration in their daily work. Apart from construction
sites, simultaneous occurrence of noise and vibration and its consequences
have been studied at least in mines (104), metal and coachwork factories
(23, 54, 58, 62, 81, 86, 96), locomotives (80), weaving mills (93, 103,
108), foundries (54, 96), tractors (9, 85, 95), ships (8), forestry work
(88, 89) and helicopters (15). In the study situations the noise level has
ranged from 90 to 113 decibels and vibration frequencies from I to 50 Hz.

Laboratory tests with human subjects. The results of the many labora-
tory tests with human subjects show that simultaneous noise and vibration
cause a considerably greater elevation in the hearing threshold than
vibration alone (3, 69, 75, 79, 114, 116). In these studies subjects have
been mostly exposed to vibration of the whole body and stable noise in the
sitting posture. According to a report published last year the effect of
the permitted vibration parameters would also increase the harmful effects
of impulsive noise (102). Depending on the frequency, the additioio]
effect of vibration varied from 8 to 33 per -cnt. Apart from the authors
above mentioned, Guignard and Coles (30)1, and Sommer (99), have observed
no combined effect of noise and vibration on the TS values.

Ratner and Zvereva (92) are of the opinion that an exposure combination
consisting of noise, elevated environmental temperature (33-355O) mdium-
heavy physical work and vibration would lead to greater changes in the
hearing threshold than exposure to noise alone.

'An unusual and sigificant feature in Guignard's and Coles's study was

that the hands of the subjects were placed on the knees and the feet of
the subjects on a non-vibrating footrest.



The results of the tests carried out by mysulf in a special e.xposure
chamber (60) show that the combined effects of stable noise and sinusoidal
vibration of the whole body are most obvious when the noise spectrum
includes the frequency ranges 1-N kHz, 1-8 kHz or U.2-16 k-iz (65). The
changes occur primarily in the 4 kHz to 6 kliz range. During simultaneous
exposure to broad band (width of band 0.a-16 k0) noise of 8n diS(A) and
98 dB(A) and 5 Hz vibration, in particular the '' 2 values around 4 kH:
increased by an average of 1.2-1.5 times more than during exposure to
noise alone. The results of another test showed that the means of the
changes in the temporary hearing thresholds at a dry bulb temperature of
300C were larger than at 20 0 C (66). Environmental temperature became
increasingly important during consecutive exposure periods (Figure 1).
The effect of temperature was particularly clear when a noise of 95 dB(A)
was included in a paired noise and vibration combination. On the basis
of the tests involving dynamic muscular work (Q3) on the part of the
subjects it could be observed that the combined effect of 90 dh(A) broad
band stable noise and 5 Hz vibration on the 71 ', values at the 4 kJiz
hearing frequency was especially clear when the'subjects worked at an
efficiency of 2 Watt at dry bulb temperatures of either 20 % or 30 °C. in
connection with four times more strenuous work (8 ), noise aid vibration
could not be found to have a corresponding effect, and did not cause an
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Figure 1. Arithmetical means of the temporary hearin4, thrushold (Mk'i>
and half of the standard error of the mean at the frequency o' , kif a
for different exposure combinations. Duning the test the subjocts
switched off lights appearing on a lamp pa el with the fingers of tYir
right hand. lie curves have been drawn using the resiilts of '! ers.
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accelsration in the increase in the hearing threshold. At a terperature
of 30 C, the behaviour of the TrSo values in the hearing frequency of
6 kHz, and especially 8 kHz,even seemed to be contrary to the above.

The additional effect of vibration in causing an increase in the
hearing threshold was particularly clear when the vibration was stochastic
and the subjects worked at a low efficiency (64). According to the results
of variance analysis, the combined effect of all three factors (noise,
vibration and work) on the T I'S values (after three 16-minutes exposure
periods) was significant at th 2.5 % level at the 4 kHz hearing frequency
and significant at the 5 % level at the 6 kHz hearing frequency.

Laboratory tests with animals. Many tests carried out with rats,
rabbits, mice and guinea pigs show that noise and vibration, when they
occur simultaneously, have a more harmful effect on the hearing organ
than noise alone (6, 32, 35, 71, 84, 115). Combinations of whole body
vibration and impulse noise exposures can lead to a severe potentiating
effect (13).

Haider (33) has described the combined effects of chemical factors or
hearing. In addition, some new observations concerning the effects of
combinations of certain medicines, smoking or individual background
factors and noise can be found in a series of monograms published last
year (37). According to Zeigelschqfer (117) and Zorn (118), the effect:
of noise and carbon monixide accumulate, while Austrian researchers (f.
did not find carbon monoxide (200 ppm) and noise (105 dB) to have a
statistically significant combined effect on ITS values. (It is interestiab,
however, that significant hearing deficiencies (i.e. 40 dB or more in the
4 kHz area) would seem to be more common and greater among smoking male
subjects than among non-smoking male subjects (98)).

CHANGES IN SWAY IN THE UPRIGHT POSMIJE OF THE BODY

According to the literature, stability in a standing person reflects
the functional state of the vestibular analyser and is one of the basic
criteria of the functional state of the central nervous system (31).

Besides being responsible for an increase in the hearing threshold,
exposure to noise or vibration has been discovered to cause dizziness and
other equilibrium disturbances (53, 78). The connection between the
degree by which the hearing threshold of those who are exposed to vibration
and noise in their daily work increases with a simultaneous impairment *Df
balance regulation would seem to refer to this: the higher the environ-
mental index point score depicting the harmful effects of 5iultaneous
noise and vibration, the poorer the hearing and the poorer scores the
subjects hieved in tests measuring the functioning of the sense of
balance (LA. According to Korol (50), loud process noise affects the
sensitivity of the vestibular system. Under simultaneous exposure to
noise -. iibration the harmful changes arre more obvious than un,$r

exposure to noise alone.
In connection with low-frequency vibrit ions in particular ,  ',w e. '- .-

of noise and vibration and the channels ailonc- whdsh sui f ove .z
the organism may be practically the sme (,), 11)1. 'I his p,, tt-J Ly
the close juxtaposition of the cochlea and the 'e,: t ula' sru<ir
71). According to Parker ( 1i) it is impossiie , i'n r , : : i ,
to bypass the vestibular rhceptors (',.g. th, sa>'ui ) ,c a:W ,
!'entral nervous system direct Iy. This at : sme::. (n i.s:' .':.
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Figure 2. The means of the rmaximum amplitude of
body upright posture sway in the directions y and
x. The means were adjusted with the pre-exposure
rest values and were computed on the basis of the
results of sway measurements on 10 subjects. The
test design and measuring equipment have been
briefly described elsewhere (20, 67).

shows the results of some stabilometer measurements (67). The method in-
volved assessment of changes in body upright posture stability by
measuring changes in the center of gravity in directions y and x. In gen-
eral, it can be said that the changes in the imum amplitudes of sway
occurred at low frequencies and that lateraL sway (direction y) was more
intense than sway in the back-breast direction (direction x). The maximum
amplitude of average sway (y-direction) in the left-right side direction
increased significantly more than the pre-exposure rest values in the
frequency range of 0.06-0.10 Hz when the subject had been simultaneously
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exposed bo both broad band 90 dB(A) noise and vibration of the whole body
(Figure 2E, F). Preliminary observations would also seem to indicate that
the increase in sway as a result of combined noise and vibration and the
increase in the hearing threshold are correlated.

CARDIOVASCULAR CHANGES

Some study results show that, in connection with mentally and
physically strenuous work, noise may accelerate the heart rate (48, 90,
100, 101). A contrary observation has been made by Finkelman and his
colleagues (22), who maintain that 90 dB noise and physical work on a
bicycle ergometer do not have an additive effect on the heart rate of
the subject.

The combined effect of simultaneous noise and neuropsychic tension on
both the systolic and diastolic blood pressure is greater than the
isolated effect of either factor (97). According to Dresen and Borhols
(17), 90 dB(A) noise recorded in a textile factory increases the diastolic
blood pressure, but if muscular work is simultaneously combined with
noise, the effect of muscular work dominates over the effects of noise.
As far as the direction of the resultant reaction is concerned, noise
and vibration differ slightly from each other; when noise and vibration
are applied together, the nature of the reaction corresponds to that
caused by vibration, although its volume is somewhat reduced (82). German
researchers (39) have shown that as a result of simultaneous exposure
to noise and vibration of the whole body, diastolic blood pressure hardly
changes at all, while the heart rate, systolic blood pressure, breathing
frequency and oxygen intake increase. A helicopter flight simulated in
the exposure chamber, including an exposure to noise and vibration, did
not, however, weaken the performance of the pilots or change their
physiological activities (15).

The results of the tests I have carried out show 8hat noise and
vibration occuring separately at a temperature of 20 C, have almost
opposte effects on the heart rate variations, whereas at a temperature

of 30 C the separate effects of noise and vibration are parallel, i.e.
they increase the heart rate (Figure 3). After the third exposure to
paired noise and vibration combination, however, there was 8 reduction in
the heart rate, but the reduction was slightly larger at 20 C than at
300 C. The means of the R-wave amplitudes were systematically smaller at
30 C than at 20'C. The differences in the behaviour of the R-wave
amplitudes were apparent especially with an increase in the intensity
of noise in the combination. When the subjects were exposed to 85 dB(A)
noise alone, diastolic blood pressure increased very conspicuously at
both 20 0 C and 30 C. The means of systolic blood pressure, again,
diminished without exception during all exposure periods after exposure
to noise alone, vibration alone or combinations of noise and vibration
when the exposure chamber temperature was 300 C.

BIOCHEMVICAL CHANGES

Determining the subject's creatine kinase activity is a useful way
of assessing the intensity of exposure to noise and vibration (46). During
physical work the effects of noise and vibration are also manifested as
an increase in the activities of serum aldolase and lactic dehydrogenase
(25). The blood sera of workers exposed to severe acoustic and vibrational
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stimuli revealed decrease in protein level and quantitative in protein
fractions (24).

A larger and more frequent retardation in the erythrocyte sedimentation
reaction (ESR) is detected more often and to a greater extent among those
who work in noisy surroundings than among those exposed to vibration in
their work (28). On the other hand, the haemoglobin content and
erythrocytes increased after exposure to carbon monoxide alone. Under
exposure to noise alone or a combination of noise and carbon monoxide,
peripheral blood reacts in the opposite way, i.e. it becomes anaemic
(117). Experiments on male white mice showed that total vibration and
the accompanying noise enhance the development of poisoning with carbon
monoxide (51). On the other hand, the combined effect of noise and acetone
is less than additive, if not antagonistic (10).

A greater reduction in the liver respiration of rats was observed
under the combined action of noise and acrylonitrile (73). A synergistic
action was observed for the enzymes glutamate puryvate transaminase,
glutamate oxalacetate transaminase and fructose -1.6-diphosphate
aldolase (40). Verzilova et al.(109) indicate the necessity of introducing
certain amendments aimed at decreasing the maximum permissible concen-
tration of benzene and the maximum permissible level of vibration and
noise in case of their prolonged joint action. In addition to these, very
marked changes in hormonal excretions and vegetative functions have been
found among subjects under complex exposure conditions (2, 48, 52, 59,
62, 83).

CHANGES IN BODY TEMPERATURE

Vasoconstrictions in peripheral blood circulation are possible not,
only under exposure to noise but also under local exposure to vibration
only (49). Changes caused by simultaneous exposure to noise and vibration
are parallel with the changes caused by vibration alone (19). In suitable
combinations the effects of noise, vibration and temperature may be
cumulative, perhaps additive (7). Grether et al. (27) found that the
skin and rectal temperatures of the subject drop during exposure to
5 Hz vibration, in particular, but also during simultaneous exposue to
vibration and noise. The results I have obtained in ejuivalent tests
are similar.

Temperature differences increased (deep body temperature decreased)
systematically after eRosure to all combinationm of noise and vibration
at a temperature of 20 C. The average sublingual temperature differences
were the largest, however, when the subjects were exposed to vibration
alone (Figure 4A). Their temples cooled fastest (average difference
-0.87%6) when subjects at a dry bulb temperature of 20 C were exposed to
simultaneous vibration and 95 dB(A) noise (Fiure 4 D).

When the nature of the task was changed by including dynamic muscular
work in the exposure combinations, temperatures at the temples changed
in an interesting way. Working at dry bulb temperatures of 202 and
30°C at an efficiency of 2 W, the average differences in temperatures
at the temples were, as a rule, smaller than the values obtained while
working at an efficiency of 8 W (Figure 4C). Metatarsus surface tempera-

ture in the right foot dropped most (-2.1C) when the subjects carried
out light work (2 W) and were simultaneously exposed to noise and
vibration at a temperature of 200 C. Foot instep temperature was at its
highest when work was carried out at an efficiency of 8 W and . W under
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Figure 4. Average differences in (A) sublingual temperature and (B)
temporal temperature (°C) caused by exposure combinations in the test,
in which the subjects (n=l) switched off lights on a lamp panel with
fingers of their right hand. Average differences in (C) temporal tempera-
ture and (D) metatarsus skin temperature of the right foot caused by
exposure combinations in the test, in which the subjects (n=72) carried
out dynamic muscular work. The values have been obtained by deducting
the temperatures of 30 minute control period from the values of the
third exposure values and recovery values (i.e. Figures 4B,C,D).
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exposure to noise and vibration at a temperature of 300C, and it was, in
fact, higher than the values obtained after exposure to noise alone
(Figure 4D).

THERMAL COMFORT

The main principle underlying thermal sensations is that dilation of
the peripheral blood vessels causes a sensation of warmth, and
constriction of the peripheral blood vessels causes the sensation of
cooling. As Dean et al. (14) summarised, noise may alleviate discomfort
due to heat, either through constriction of peripheral blood vessels or
suppression of pain. In one of their studies the Danish researchers (21)
did not, however, find that a noise of 45 dB(A) or 85 dB(A) essentially
affected the thermal comfort of the subjects.

Table 1 contains thermal sensation assessment scores and corresponding
temporal and sublingual temperature values measured after different
exposure combinations. In the test, the subjects assessed their subjective
thermal sensations on the following scale: 1 = hot, 2 = warm, 3 = comfort-
able, 4 = cool and 5 = cold. The table shows that after exposure to noise
alone the subjects on the average assessed their thermal sensation to be
cool (4), while after two exposures to vibration their thermal sensations
fell between comfortable and cool.

In another test designed to obtain information about the significance
of elevated environmental temperature from the point of view of the
activities of the organism the subjects were asked to assess their thermal
sensation on a different scale from that used in the previous test. On
this scale the verbal expression "very hot" corresp-nded to number 1,
"hot" to number 2, "rather hot" to number 3, "warm" to number 4 and
"comfortably warm" to number 5.

The results of the 3-way variance analysis showed that after the second
consecutive exposure period (duration about 40 minutes) work was the only
one of the studied parameters which had a significant main effect
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(F-value = 3.20; df = 2,72; p < 0.05) and noise and vibration the only
ones which had a significant combined effect (F-value = 5.24; df = 2,19;
p < 0.01) on variations in theral sensation. After an hour's exposure,
work still had the most significant main effect and noise and vibration
a significant combined effect on thermal sensations.

Examination of the means of the thermal sensation assessments show
that the subjects felt warmest (between very hot and hot) more after
work of 8 W and simultaneous exposure to noise and stochastic vibration
than with all other exposure combinations. On the other hand, noise
seemed to increase the sensation of heat under exposure to stochastic
vibration and medium-heavy (4 W) and heavy (8 W) work loads (Table ).

This is one example of the different psychophysiological effects of
varying noises and vibration under complex exposure situations (to which
I have already referred in another article on the subject of heart rate
(68)).

VARIATIONS IN THE ASSESSMENTr OF DISCOMFORTS DUE '1 NOISE

Noise and vibration are very often described as environmental hazards
which are so similar to each other (45) that people are unable to
distinguish between the effects of noise and vibration (11). T1he presence
of either factor may thus affect the assessments of the degree of dis-
comfort of the other factor (38), and according to Kirby et al. (147) a
confusion like this would be possible at low stimulus levels, in particu-
lar. At high stimulus levels the validity of the assessments would
increase, since the noise and vibration components would be assessed
separately. Grether et al. (27) found that subjective assessments were
systematically dependent on the number of factors included in combinations
of discomforts. According to some researchers, subjective assessments -re
always biased to a certain extent (87).

it seems to me that the basic question is what is the most valid method
by which the validity of subjective assessments could be measured. Certain
observations indicate that the other working environment discomforts, the
presence of which can be verified through the senses, do not to any
-:ssential degree affect the assessment of the discomforts caused by noise
and ligJt (55). The assessments concerning the annoyance caused by the
working environment factors also proved to be satisfactorily constant,
since the correlation coefficients between repeated measurements varied
between 0.66-0.68 (draught) and 0.87-0.91 (noise). The correlation
coefficients between noise assessments made by subjects and equivalent
noise levels measured in the working environments varied from 0.71 to
0.85. ~he hikhest correlation coefficients were obtained when calibrated
rating scales were used (57).

Figure 5 shows the regression equations obtained at envirornerntal noise
levels for two rating luestions. "he slope of -atins scale il is
somewhat steeper than that of rating scale F7. ?Lis comparison ises a
virance of estimation. which, translated in, .? Iulvalent ",_ of
0 Diso exposure, has a rraxuiuu fluctuation oI Lh , ior )f ii-etween

the rat ,p results. From a practical point of jo e0r
p'UrpOose]s or tr-anTSf'nT-ati )nLs fro- one Scat' an 0t " r I-]h
assoc [at ]orr of this kind is bvi )usly ranlil .
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Figure 5. Comparison of the first reference rating (R1) to
the five-step scale with verbal indications of degrees of
discomfort presented in a check-list (R7) as a function of
computed equivalent noise level (Leq). Regression analyses
were done using a linear regression model (n=60).

ENVIRONMENTAL INDICES

As can be concluded from the foregoing remarks, many problems are
related to the ways in which environmental health and comfort are
depicted. I will elucidate these problems with another example based on
the results of a questionnaire study carried out a few years ago (56).

Knowing that the comparison and combination of the hazardous effects
of the different environmental factors causes problems, I have included
Figures 6A and 6B to show the index of hazardous energy distributions
and the index of discomfort from pollutants present in breathing air.
The index of hazardous energy distributions has been foraled by summning
up discomfort assessment scores related to noise, vibration, light and
thermal conditions. The index of discomfort from the pollutants of the
breathing air includes miscellaneous discomforts such as paint fumes,
stone or sand dust, soot, ashes, metal dusts or fumes, smoke or gases.

I want to draw the reader's attention to the manner in which these
indices were built up. The point of departure in considering the
structure of the index is the principle that an index depicting
environmental conditions must not be composed merely of the sum or mean
of its components. This could also be applied to studies of the standard
of living, for example. If there is only one single environmental factor
which causes much or very much discomfort, the discomfort in question
will not diminish through simultaneous scrutiny of factors causing less
discomfort.
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Figurae 6. Combined effect of hazardous energy distributions in working
environments according to (A) the index of discomfort from physical
factors, and (B) the combined effect of chemical substances in the
breathing air of the same workplaces according to the index of discomfort
from the pollutants of the breathing air by stage of production.

The indices were formed an the basis of the arithmetical mean of the
item scores, subject to the following class limidts and further conditions:

Index Class limidts Degree of
points of means discomfort

10.0 - 1.0 not at all
2 1.1 - 1.6 somwhat

3 1.7 - 2.0 much
4 2.1 - very mch

I further condition was that 4 points was allocated to a variable
scoring 4 or several variables scoring 3. If one variable scored 3, the
number of index points was likewise 3.

The index points calculated in this manner varied by stages of
production of engineering industry with a certain regularity. ne hihes
index points were recorded in primary production (Foundry) and the number
of points diminished gradually via the production stages to the category
Administration and management. lofigures show conclusively that various

6 )



kinds of hazardous energy and respired air Lmpuritie: occur slmul-

taneously in people's working environments.

CHANGES IN WORK PERFORMANCE

Environmental noise and heat have the greatest effect on work tasks
which require a minimum of mental effort and motivation (77). Unstable
noise, in particular, combined with an environmental temperature of
28-30oC, and work causing little stress has a more harmtrful effect on mar.
than noise alone (119).

In the combined stress condition, heat reduced the detrimental effects
of noise, and noise removed the beneficial effect of heat on the ccntrol
task (112). These observations by Wyon suggest that noise and heat
stress increase arousal while comfortable warmth reduces arousal. Eell
(5) states that performance decrements associated with high noise lYvels
and high ambient temperatures are additive for the subsidiary task.
Exposure to a combined noise-plus-vibration stimulus causes more pro-
found and persistent changes in the ability to do mental work than
exposure to sound alone (43).

CONCLUSIONS

Surveys of the results of studies dealing with combined effects have
already been prepared at least by Grether (26), Schmidt (94), Murray and
McCally (76), Dupuis (18), von Gierke (110), Menshov et al. 7) and
WHO (112). In this review I want to discuss the most recent study
results, introducing, however, research results published in Dutch,
Polish, Russian and Finnish, which may not be so well-known because -
general lack of knowledge of these languages. In one of his articles,
Jansen (44) widely discusses research work carried out in the Vvivt
Union, pointing out that changes in hearing, in particular, have been
studied in complex exposure situations. Although a gleat deal of
interest has recently been focused on studies concerning the effects ol'
the combinations of the different properties of noise (16, 36, 41, 111),
I have omitted an introduction of these research results from this
article. I have done so only because of shortage of space.

Summing up, we may say that our task today is to determine the most
important combinations of environmental factors and their possible
effects on the human organism. In the present-day structured environ-
ments the different factors constitute a multidimensioned entity from
which no partial factor can unreservedly be omitted or detached
scrutiny on its own. From the point of view of practical labour,
tection, it is justifiable to take into account factors related to
individual and his environment. This is already being done with respe(
to nose.

Pursuance of any research is subje t to economic considerations and
social relevancy. If we state that a reduction in noise level of one
decibel would improve the productivity of work by one per cent, it is
almost certain that the optimisation of several factors would mean a
geater increase in productivity. because of complex effects like these,
more detailed estimates presuppose accurate calculations. However, there
is also a need to put forward the kind of general views to which I
refer below.



With the aid of the research data produced, it, 5ii C i .

evaluate both single factors and several t r trOe 1
of different criteria: e.g. not only hear I I p 1 -- t
but also the functioning of the other senses xu [ t r.'
This, again, means that the principles f nui , L,
concerning planning and dimensioning, pratI 'cal labour ,r
and even the use of safety protectors, must be viwed-' i
since the new research data is indicatin bow the, elvir'o " A .Z- :v
may affect and be reflected by the hunn i arwa' dent,
properties of the individual factors "o1 il ,o lJ
either reinforce or cancel out each ' e ' i:',
of existing knowledge and availability f a i treir nJUt -!'
alternative solutions. The t iming and durat i)ri vcte - 1r
working periods will for this reason enere a nr w li-r t.

Ultim-aitely, the results of research on o)rbine fet will -

greater need than earlier for the kind of tat st~1al-meilliici
development work aimed at solving problems related to the iuialy.;!s and
description of multidimensional phenomena, including the principles
related to the establishment of' envirormental indices and other combined
indicators (1, 42, 61, 107). The same can simply be presented by posing
the question of how it will be possible in an unbiased and very economical
way to predict whether the combined effects of environmental factors are
additive, synergistic or substitutive. It is evident that the aptness of
activities related to environmental plannirn4 and regulation is largely
dependent on the answer to this question.

ACKNOWLEDGEMEYNS

The Academy of Finland has financially supported my experimental
studies.

?EFE-RENCES

1) Alekseeva, O.G., et al.,1977. Use of methods of multiple
statistics in assessing the extent of reactivity of sick and
practically healthy people. Gig i Sanit 12, 61-65.

2) Anitesco, C. and Contulesco, A., 1972. Studies of the influence
of noise and vibrations on the behaviour of catecholamines in
industrial sound vibratory aggression. Archives des Maladies
Professionnelles (Paris) 33, 365-372.

3) Arkadyevskiy, A.A., 1962. Combined effect of vibration and noise
on the human organism. Gig i Sanit 10, 25-28.

4) Ashford, N.A., 1976. "Crisis in the--workplace: Occupational
disease and injury". A report to the Ford Foundation. The MIT
Press, Cambridge, 'lassachusetts, and London.

5) Bell, P.A., 1978. Effects of noise and heat stress on primary
and subsidiary task performance. Human Factors 20, 749-752.

6) Bobbin, R.P. and Gondra, M.I., 1975. Effects of-intense low
frequency sound (sonic boom) on the cochlea. Environ Res 9, 48-54.

7) Bukharin, E.A. and Soloviev, A.V., 1977. The problem of a combined
action of temperature, air humidity, noise and vibration on the
human body. Gig i Sanit 5, 99-101.



8) bukharin, E.A., et al., 1977. ;ome spes fic v',actjon if the
motorists' organism to a short-term exposure to the effect of'
gases superimposed upon the action of noise and vibration. Gig Q.r
prof Zabol 9, 46-48.

9) Buzunov, V.A., et al., 1980. Effect of noise and temperature on
adolescents during tractor driving. Gig i Sanit 9, 1-53.

10) Eiurykina, L.N., et al., 1982. Eksperimental'nce izucenie
kombinirovannogo deistvija sums i acetona. Gig Tr prof Zabol 7,
48-51.

11) Clarke, M.J. and Hawkins, N.M., 1970. Questionnaire investigation
of the comfort reaction to motion of public transport vehicles.
University of Loughborough, England.

12) Cohen, A., 1977. Extra-auditory effects of acoustic stimulation.
In: Handbook of physiology, sect 9: Reaction to environmental
agents, (eds) Lee, D.H.K., Murphy, S.D., Geiger, S.R. Chap 3,
pp. 31-44. American Physiological Society by Williams & Wilkins
Baltimore, MD.

13) Coling, D.E., et al., 1977. Interaction of sinusoidal vibration
and impulse noise: effects on hearing. Abstract. J Acoust Soc AT-
62, 34.

. Dean, R.D. and McGlothen, C.L., 1965. Effects of combined heat
and noise on human performance, physiology, and subjective
estimates of comfort and performance. Proceedings of annual
technical meeting, pp. 55-65. Institute of Environmental Sciences'.

15) Dean, R.G., et al., 1964. Performance and physiological effects
of CH-46A noise and vibration. Report D2-90583. The Boeing Co.,
Seattle, Washington.

16) Doroshenko, P.N. and Stepchuk, I.D., 1985. Hygienic assessment
of combined effect of infrasound and low-frequency noise on the
acoustic and vestibular analyzer of compressor operators. Gig 01
prof Zabol 1, 35-38.

17) Dresen, M. and Borghols, E., 1978. Lawaai en fysieke belasting.
T soc Geneesk 56, 189-192.

18) Dupuis, H., 19FJ. Noise and physical agents: a review. ASHA
Reports 10, 641-648.

19) Dupuis, H. and Weichenrieder, A., 1977. Beeinflussung der
peripheren Hautdurchblutung durch mechanische Schwingungen und
Ldrm. Arbeitsmedizinische Pisikobeurteilung, Verhandlungen der
Deutschen Gesellschaft fr Arbeitsmedizin e.V., pp. 159-168,
A.W. Gentner, Stuttgart.

20) Ekblom, A., et al., 1982. Microprocessor based stabilometry.
Research Report 3. Tanpere University of Technology, Electronics
Laboratory, Finland.

21) Fanger, P.O., et al., 1977. Can colour and noise influence
man's thermal comfort? Ergonomics 20, 11-18.

22) Finkelman, J.M., et al., 1979. Conoint effect of physical
stress and noise stress on information processing performance
and cardiacresponse. Human Factors 21, 1-6.

23) Gavrilova, L.A., et al., 1964. About the role of vibration on
the development of professional impairment of hearing among
boilermakers. Gig Tr prof Zabol 8, 51.

653



24) Gregorczyk, J., 1966. Activity of some enz'ymeo of intef' e~iw
metabolism and behavior of serum protein and its fracti )ns 1ri
workers exposed to strong acoustic and vibrational stimuli. Acta
Physiologica Polonica 1, 88-97.

25) Gregorczyk, J., et al., 1965. The effects of physical work -ind
work under conditions of noise and vibration on the human body.
Acta Physiologica Polnica 16, 701-708.

26) Grether, W.F., 1970. Effects on human performance of combined
environmental stress. Aerospace Medical Research Laboratory, AM[iL-
TR-70-68. Wright-Patterson AFB3, Ohio.

27) Grether, W.F., et al., 1971. Effects of combined heat, noise, and
vibration stress on human performance and physiological functions.
Aerospace Med 42, 1092-1097.

28) Gribova, I.A. and Solovieva, E.A., 1965. The blood system reaction
to occupational effect of vibration and noise. Gig i Sanit 30,
34-37.

29) Ouignard, J.C., 1975. Performance ind physiological effects of
combined stress including vibration. In: Vibration and combined
stresses in advanced system, (ed) Gierke, H.E.,AGARD Conference
Proceedings, No 145, B18-1-3. (NATO) Specialists' Meeting in
Oslo 1974.

30) Guignard, J.C. and Coles, R.R.A., 1965. Effects of infrasonic
vibration on the hearing. Reports, vol 1, 5th edn. Congr Int
d'Acoust, Liege.

31) Gurfinkel, E.V., 1973. Physical foundations of stabilography.
Agressologie 14, 9-14.

32) Ouseev, Yu.M., et al., 1978. Histomorphological changes in the
hearing organ of experimental animals under the influence of
occupational noise and vibration. Zh Ushn Nos Oorl Bolezn 3, 60-65.

33) Haider, M., 1973. Influences of chemical agents on hearing loss.
Proceedings of the International Congress on Noise as a Public
Health Problem, pp. 307-313. Dubrovnik 13-18 May, Prepared by
The US Environmental Protection Agency, Office of Noise Abatement
and Control, Washington.

34) Haider, M., et al., 1974. Larmebelastung, kohlenmonoxidbelastung
und kombinationswirkungen. Internationales Symposium. Neueste
Erkenntnisse in der Beurteilung der gesundgeitlichen Folgen der
Umweltverschmutzung, Paris 24-28.6.1974.

35) Hamernik, R.P., et al., 1978. Impulsive noise and synergistic
effects aggravate hearing loss. Occup Health Saf 47, 50-58.

36) Hamernik, R.P., et al., 1981. Potential for interaction of low-
level impulse and continuous noise. AFAMPAL-T'R-80-68. Aerospace
Medical Research Laboratory, Wright Patterson Air Force Base, Ohio.

37) Hamernik, R.P., et al., 1982. "New perspectives on noise-induced
hearing loss". Raven Press, New York.

38) Hempstock, T.I. and Saunders, D.J., 1972. Subjective response to
mixed noise and vibration environments. University of Sheffield,
England.

39) Henkel, E., et al., 1980. Untersuchungen zur kombinierte Larm-
und Schwingungsbelastung von Probanden. Z ges Hyg 26, 414-417.

40) Henkel, W. and Wagner, G., 1978. Output-Untersuchung der
kombinierten Ldrm- und Tetrachlorkohlenstoff - Delastwnc von
Ratten. Z res Hyg 7, 519-522.

654



41) Hunt, W., et al., 1975. Effect of impulse level on the
interaction between impulse and continuous noise. J Acoust Soc
Am 57, 62-63.

42) Inhaber, H., 1976. "Envirenmental indices". John Wiley & Sons,
Inc., New York.

43) Ioseliani, K.K., 1967. Effect of vibration and noise on ability
to do mental work under conditions of time shortage. Environ
Space Sci 1, 144-146.

44) Jansen, G., 1980. Research on extraaural noise effects since
1973. ASHA Reports 10, 221-236.

45) Janssen, J.H., 1969. A proposal for standardized measurements and
annoyance rating of simultaneous noise and vibration in ships.
Report 126 S (S 3/83). Netherlands Ship Research Centre TNO,
Shipbuilding Department, Delft.

46) Jordenko, G., et al., 1982. The influence of noise and
vibration upon creatine kinase activity in blood serum. Int Arch
Occup Environ Health 49, 209-212.

47) Kirby, R.H., et al., 1977. Effect of whole-body vibration in
combined axes and with noise on subjective evaluation of ride
quality. Am Ind Hyg Assoc J 38, 125-133.

48) Klotzbacher, E. and Fichtel, K., 1978. Der Einfluss des Larms
auf Leistung bei geistiger Arbeit und ausgewthlte physiologische
Funktionen bei unterschiedlichen Kombinationen zwischen L.rm und
dynamischer Muskelarbeit. Int Arch Occup Environ Health 41,
237-251.

49) Koradecka, D., 1975. Investigation of influence on the organism
of vibration, noise and static effort as factors related to work
with percussive pneumatic tool. Prace CIOP (Warsaw) 84, 3-22.

50) Korol, I.M., 1971. Determination of clinical risk crTterias of
cochlearestibular disturbancies and analysis among the persons

exposed to noise and vibration. >loscow.
51) Kustov, V.V., et al., 1982. Combined effect of carbon monoxide

and total vibration on the body. Gig Tr prof Zabol 6, 15-18.
52) Makotchenko, V.M., et al., 1978. The state of the sympathico-

adrenal system in workers exposed to a long-term effect of an
intensive industrial noise (based on findings of the catechol-
amines excretion with the urine). Gig Tr prof Zabol 8, 31-35.

53) Man, A., et al., 1980. Vestibular involvement in acoustic
trauma. An electronystagmographic study. Journal of Laryngology
and Otology 94, 1395-1400.

54) Manninen, 0., 1977. Noise induced hearing-loss. In: Occupational
position, working conditions and morbidity among employees of
machine industry. Research Institute of Physical Culture and
Health Publications 18, 97-104. JyvdskylA, Finland.

55) Manninen, 0., 1977. Ratings of discomfort due to noise and
inadequate illumination at work. (Reliability of ratings of
discomfort due to noise and inadequate lighting and the
congruence of ratings with technical measurements.) Reports of
Public Health Sciences M31. University of Tampere, Finlaid.

56) Manninen, 0., 1977. Envirormental factors and employees'
discomfort in three machine industry plants. Reports of Public
Health Sciences M32, University of Tampere, Finland.



57) Manninen, 0., 1979. A study of the influences of phrasing,
scaling and location of questions concerning employees'
discomfort ratings due to noise. Contribution to the International
Symposium On the Protection of Workers Against Noise, 27-30
November, Dresden.

58) Manninen, 0. and Aro, S., 1979. Noise-induced hearing loss and
blood pressure. Int Arch Occup Environ Health 42, 251-256.

59) Manninen, 0. and Aro, S., 1979. Urinary catecholamines, blood
pressure, serum cholesterol and blood glucose response to
industrial noise exposure. Arch hig rada toksikol 30 (suppl),
713-718.

60) Manninen, 0. and Erikoinen, 0., 1979. Further studies of the
combined effect of environmental factors. A description of the
environmental chamber system for laboratory experiments with
human subjects. Contribution to the Congress of the International
Ergonomics Association, 27-31 August, Warsaw.

(61) Manninen, 0. and Pasanen, M., 1979. Assessing the contribution
of odour, dust and monotony at work to absenteeism. Ergonomics
22, 7353.

(62) Manninen, 0., 1980. Combined and single effects of prolonged
noise and vibration exposure on employees' cochleo-vestibular
functions and urinary catecholamines. In: Catecholamines and
stress: recent advances, (eds) Usdin, E., Kvetnansky, R., Kopin,
I.J., pp. 483-488. Elsevier North Holland, New York.

(65) Maninen, 0., 1982. Combinations of noise, vibration, temperature
and physical work and temporary threshold shift of hearing. Nordic
Council ArctMed Res Rep 33, 588-594.

(64) Manninen, 0., 1982. The couplex effects of stable noise, sinus-
oidal vs stochastic low frequency whole-body vibration and dynamic
muscular work in temporary hearing threshold shifts (riTS) at a
dry-bulb temperature of 300C. Proceedings of Inter-Noise 82, pp.
573-576. San Francisco.

65) Manninen, 0., 1983. Studies of combined effects of sinusoidal
whole body vibrations and noise of varying bandwidths and
intensities on TTS2 in men. Int Arch Occup Environ Health 51,
273-288.

66) Manninen, 0., 1983. Simultaneous effects of sinusoidal whole
body vibration and broadband noise on TTS 2 's and R-wave amplitudes
in men at two different dry bulb temperatures. Int Arch Occup
Environ Health 51, 289-297.

67) Manninen, 0., 1-93. Body sway changes after single and paired
exposure to noise and whole body vibration. Team 3. The Fourth
International Congress on Noise as a Public Health Problem.
June 21-25, Turin (Italy).

68) Manninen, 0., 1983. Single and joint action of dynamic muscle
work, sinusoidal vs stochastic whole body vibration and stable
broadband noise on hearing and heart rate in men. Noise Control
Engineering (in press).

69) Markarjan, S.S., 1959. The influence of vibrations on WT organs.
Voenno-med Zhurnal 4, 70-74.

70) Menshov A.A., et al., 1980. "Combined effect of industrial noise
and vibration on the body". Zdoroviya Publishers, Kiev.

71) Meyer, D.L., et al., 1971. Interaction of acoustic and vestibular
afferent activity observed in ear muscles. Z Neurol 200, 213-218.

656



(72) Mikhailov, V.A., et al., 1975. On the combined action exerted
by various factors of the industrial environment. Gig Tr prof
Zabol 7, 10-13.

(73) Mletzko, H.G. and Henkel, W., 1978. Tierexperimentelle Belastungs-
untersuchungen mit LArm und Acrylnitril under chronobiologischem
Aspekt. Z ges Hyg 7, 515-518.

(74) Mood, E.W., et al., 1972. Environmental health and mental health.
In: Man, health and environment, (ed.) B.Q. Hafen, pp. 16-36,
Burgess Publishing Co., Minneapolis.

(75) Morita, M., 1958. Experimental studies on the acoustic influence
of vibration and noise. Otol Fukoka 4, 327-341.

(76) Murray, R.H. and McCally, M., 1973. Combined environmental
stresses. In: NASA Bioastronautics Data Book, Chapter 19, pp.
881-914. Scientific and Technical Information Office, Washington.

(77) Nicholl, A.G.McK., 1977. A study of the interaction effects of
heat and noise on man. Ergolab R 77:55, PP. 1-124. Stockholm.

(78) Nurbaev, S.K., 1975. Physio-hygienic assessment of the effect
produced by vibration on the drivers of dump-trucks in ore mining.
Gig Tr prof Zabol 5, 32-36.

(79) Okada, A., et al., 1972. Temporary hearing loss induced by noise
and vibration. J Acoust Soc Am 51, 1240-1248.

(80) Ostapkovich, V.E. and Perekrest, A.I., 1976. Concerning the
hazard criteria of injury of the sound analyzer in the workers
of locomotive brigades. Otorinolaryng 2, 25-29.

(81) Ostapkovich, V.E. and Ponomareva, N.I., 1970. The state and
assessment of hearing in persons working in conditions of
intensive industrial noise and vibration. Klin Med 3, 79-83.

(82) Paranko, N.M. and Vyschipan, V.F., 1967. Effect of noise and local
vibration of permissible levels on the human body. Gig i Sanit
32, 25-30.

(83) Paranko, N.M., et al., 1974. Stable functional changes in miners
under the effect of permissible levels of vibration and noise.
Vracebnoe delo 2, 122-126.

(84) Parker, D.E., et al., 1968. Studies of acoustical stimulation
of the vestibular system. Aerospace Med 39, 1321-1325.

(85) Pinter, I., 1975. Gehbrschddigung von Traktorfahrern in der
Forstwirschaft. Int Arb-Konferenz "Erg Standards i d Landwirt-
schaft", Potsdam, Sonderh E 171/75 11/13/1.

(86) Pokrovskij, N.N., 1968. Leningradskij gosudarstvennyj sanitarnogi-
gieniceskij medicinskij institut, Leningrad.

(87) Poulton, E.C., 1976. Quantitative subjective assessments are
almost biased, sometimes completely misleading. Bull Br psychol
Soc 29, 385-387.

(88) Pyykk, I., 1974. Traumatic vasospastic disease among Finnish
lumberjacks.Institute of Occupational Health, Report 88, Helsinki.

(89) Pyykkb, I., et al., 1981. Hand-arm vibration in the aetiology of
hearing loss in lumberjacks. Brit J Ind Med 38, 281-289.

(90) Quaas, M., et al., 1969. Zum Einfluss von L ThT auf die Herz-
frequenz und den 02 -Verbrauch bei mittelschwerer pnysischer
Belastung. Int Z angew Physiol 27, 230-238.

(91) Rahmilevits, A.G., 1960. Ob asobennosti professionaljnoj
thgouhosti pri sormestnom vlijanii vibratsii i suma na organ
sluha. Scientific Notes of the Moscow Scientific Research
Institute of Hygiene 7, 104-110.

65"7



92) Ratner, M.V. and Zvereva, G.S., 1972. Functional state of hearing
analyser when noise, vibration, physical work and elevated ambient
temperature are influencing simultaneously. Gig Tr prof Zabol 16,
47-49.

93) Rustam-Zade, Ch., et al., 1976. On the assessment of the effect
produced by the whole-body vibration and noise on the acoustic
function. Gig Tr prof Zabol 9, 11-14.

94) Schmidt, P., 1972. Zur simultanen Einwirk ng mehrer Umwelt-

faktoren auf den Menschen - Literaturbericht fiber die Situation
in der Kunststoffindustrie. Z ges Hyg 2, 9-17.

95) Seidel, B. and Trster, F.A., 1970. Ergebnis einer gezielten
Reihenuntersuchung von 60 Traktoristen auf Gesundheitsschdden
durch lMrm und Vibration. Z ges Hyg 16, 447-450.

96) Shalashov, N.Ya., 1964. Cochleovest-bular disorders in riveters.

Gig Tr prof Zabol 8, 14-20.
97) Shatalov, N.N. and Murov, M.A., 1970. The influence of intensive

noise and neuropsychic tension on the level of the arterial
pressure and incidence of hypertensive vascular disease. Klin
Med 48, 70-73.

98) Siegelaut A.B., et al., 1974. Hearing loss in adults. Relation

to age, sex, exposure to loud noise, and cigarette smoking. Arch
Environ Health 29, 107-109.

99) Sommer, H.C., 1-973. The combined effects of vibration, noise,
and exDosure duration on auditory temporary threshold shift.
AMRL-TR-73-74. Wright Patterson AF, Ohio.

(100) Spioch, F.M., 1981. Effects of combined heat, noise and physical
work on man. Abstract. XX International Congress on Occupational
Health, September 25 - October 1, 1981, Cairo, Egypt.

(101) Steele, W.G. and Koons, Jr.,P.B., 1968. Cardiac response to

mental arithretic under quiet and white noise distraction.
Psychonomic Science 11, 273-274.

(102) Svistunov, N.T. and Nrcenkova, L.N., 1982. Deistvie absc6i
vibracii v socetanii s preryvistym sumom na sluhovuju funkciju.
Gig Tr prof Zabol 7, 35-36.

(103) Syronyatnikov, Yu.P., 1975. The effects of noise and whole-body
vibration on the sensitivity to vibration in weavers. Gig Tr prof
Zabol 9, 26-29.

(104) Taniewski, M. and Banaszkiewicz, T., 1973. Hearing in persons

exposed to vibration. Bull Inst Mar Med Gdansk 24, 35-46.
(105) Temkin, Ya.S., 1960. The pathogenesis and clinT-al picture of

vibrational cochleovestibular disorders. Vestnik Otorinolaryng
3, 9-15.

(106) Thalmann, R., 1971. Metabolic features of auditory and vestibular
systems. The Laryngoscope 81, 1245-1260.

(107) Thomas, A., 1972. "Indicators of environmental quality". Plenum
Press, New York.

(108) Trifonov, H. and Mandaliev, A., 1973. Issledovanie vlijanija suma
na sluhoroi apparat arterialnoe davlenic i nervruja sistema
rabocih tekstilnoi promyslennosti. Contribution to the
Scientific Congress on Industrial Hygiene, Noise, Dust and
Occupational Diseases, pp. 201-204, Varna.

(109) Verzilova, 0.V., et al., 1978. The joint action of benzene,
vibration and noise on the body. Gig i Sanit 8, 20-23.



(110) von Gierke, H.E., 1980. Exposure to combined noise and vibration
environments. ASHA Reports 10, 649-656.

(111) Walker, J.G., 1972. Temporary threshold shift caused by combined
steady-state and impulse noises. J Sound Vibration 24, 493-504.

(112) World Health Organization (WHO), 1981. Health effects of combined
exposures in the work environment. Report of a WHO Expert
Committee. Technical Report Series 662. Geneva.

(113) Wyon, D.P., et al., 1978. Combined noise and heat stress
effects on human performance. Contribution to the International
Indoor Climate Symposium, 30 August - 1 September, Copenhagen.

(114) Yamamura, K., et al., 1970. Temporary hearing loss due to
vibration and noise. J Hyg 25, 472-478.

(115) Yenin, I.P., 1974. On the pathogenesis of professional hearing
disorders occurring under the combined influence of general
vibration and noise. Zh Ushn nos gorl bolezn 1, 53-37.

(116) Yokoyama, T., et al., 1974. Temporary threshold shifts produced
by exposure to vibration, noise, and vibration-plus-noise.
Acta Otolaryng 78, 207-212.

(117) Zeigelschtfer, B.-D., 1968. 0 kombinirovannom vozdeistvii
razlicnyh parametrov stabilnogo suma i okisi ugleroda na
organizm. Leningradskij sanitarno-gigieniceskij medicinskij
institut, Leningrad.

(118) Zorn, H., 1968. Die kombinierte Wirkung physikalischer und
chemischer Noxen, aufgezeigt am Beispiel der: Schtdigung durch
Lnm und CO. Schriftenr. Arb Med Soz Med Arb Hyg Stuttgart,
Bd 27.

(119) Zvereva, G.S., et al., 1977. Substantiation of the permissible
level of noise in combination with an elevated environmental
temperature. Gig Tr prof Zabol 9, 41-43.

659



|E

PROPOSAL FOR A SCIENTIFIC PROGRAM

J.H. Ettema and G. Jansen.

Coronel Laboratory, University of Amsterdam, The Netherlands,
Institut far Arbeitsmedizin, Universitit Ddsseldorf, W-Germany.

INTRODUCTION

At the third International Congress on Noise as a Public Health Problem

at Freibourg in 1978 our team 3: "non-auditory physiological effects in-

duced by noise" proposed to concentrate (some of) the research on three

topics: critical groups, critical sources of noise and critical situations

(Ettema 1980). In this meeting we have heard some results of these recom-

mendations. Sensitive groups, among which human fetus; several sources of

noise as traffic noise, industrial noise and more specific impulse noise,

infrasound and ultrasonic noise; and several situations, in which other

stressors were present, were discussed in the studies presented. In some

cases it was possible to clear part of the problem by making the situation

of research more sensitive. However, in other cases it was above all demon-

strated how difficult research in this field can be and how interactions of

a great number of intervening factors can obscure the effects of exposure

to noise. As stated in the introduction the problem is very complex and has

many aspects. It is therefore very difficult to bring back all the contri-

butions to one concept.

Some developments in research and thinking about research in the last

661



period of five years lead to indications how to proceed, and how by concen-

trating some of the research on a few topics in international cooperation

the aim of serving public health can be brought nearer.

CONFOUNDING FACTORS AND CONFLICTING RESULTS

The results of several studies are not always corresponding. There are

many conflicting results and therefore interpretations. Reproduction of

a study is not easy, because small differences in design may lead to small

or even great differences in conclusions. Some examples will be given.

In our experimental studies on the effect of noise on circulatory para-

meters we worked close together with another Dutch institute, and did the

same kind of experiments. We found some different effects of exposure to

noise. For example, no influence or even a decrease of the systolic blood

pressure was found in our laboratory (Mosskov et al. 1977), an increase

In the other institute (RMvekamp 1983). This difference might be due to

the posture of the tested persons, in the first case a sitting posture,

in the other case a more recumbent posture.

The influence of exposure to aircraft noise on birth-weight of newborn

was very small or could not be demonstrated significantly in a German and

in a Dutch study (Rehm et al. 1978, Knipschild et al. 1981). A few years

before in Japan - however - a very pronounced influence was found by Ando

et al. (1973). By studying the level of exposure (not easy as each country

has its own method of measuring the level of aircraft noise), we found that

exposure in Japan was very much higher than in the two European situations.

In a first study Knipsohild et al. (1979) did not find an influence of

exposure to traffic noise on blood pressure. As Rehm (1983) stated already,

It might be that the population studied (women 40-49 years) was not the

most sensitive. In a following study however another explanation was
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brought up. In that study a dose-effect relationship between exposure to

noise and annoyance was found and also, that peopie living in streets with

much traffic-noise had closed their windows at the front-side more often

than people living in streets with less traffic noise (Meijer at al. 1982).

No influence on the risk of hypertension was found (Knipschild 1983). The

population studied was again not so sensitive (men and women 40-43 years

of age), but also exposure to noise was not as high as would have been ex-

pected from the sound-measurements in the street. Moreover - compared with

exposure to aircraft noise - the level of traffic noise - expressed both

in Leq - is lower. Neun et al. (1983) also did not find a change due to

traffic noise in the risk of hypertension in noisy areas. They suggests to

study more extreme situations.

The influence of industrial noise on circulatory or cardiac disorders

is reported in many publications. But in all this studies other factors

could have contributed or even caused the found increase of cardio-circu-

latory disorders. In a series of 6 studies done by our laboratory only in

50% an influence of exposure to industrial noise on the risk of hyperten-

sion could be found, when taken into account the influence of age, exposure

time and of other factors (Van Dijk et al. 1982, Ettema et al. 1982). From

experimental studies It is known that some factors as dynamic load abolish

the effect of noise, other factors as static and mental load, climate etc.

increase the effect of noise (Ettema et al. 1980 a). In epidemiological

studies in industry one has to reckon with the "healthy worker" effect,

that might be much greater than expected. From the study by Van Dijk (1983)

It seemed that the risk of hypertension in the workers above 50 years still

present at the workfloor did not increase. The only conclusion can be that

many workers with small impairment of health and above 50 years of age are
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leaving beforehand or at least hare their work changed to a less compelling

place and working situation.

This all makes clear that we have to be very careful in setting up an

experimental or epidemiological study and have to correct for such factors

as age, years of exposure or factors in work and working situation (all

these factors are often interrelated, so that correction for a given factor

is very complicated). We have to keep in mind that small differences in de-

sign might lead to other results. As already stressed by Rehm (1983) espe-

cially with epidemiological studies the risk of noise can only be assessed

sufficiently when a multifactorial design is used.

In industry a cross-sectional epidemiological study only among the work-

ers present during the study will lead to underestimate the risk of expo-

sure to noise. Therefore if possible longitudinal studies, cohort or case-

control, will be necessary.

NEED OF COMPREHENSIVE MODEL

Weatman and Walters (1981) state: "We lack a comprehensive model to

ensure that research on sound includes the critical variables that make it

a significant source of human stress. Much of the research ... suffers

from methodological inadequacies because noise is but one of a number of

variables effecting complex human beings". I think we can agree and support

their pleading )r a comprehensive model as a basis for further studies.

They outline several variables known from psycho- and neuro-physiological

studies and especially stress-studies, which are important to be able to

evaluate the influence of noise on human well-being.

When they state: 'ore than other pollutants noise interacts with other

sensory stressors, population density, life change and life circumstances

... " and further: 'When seen in the context of all of these factors,
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however, noise often emerges as the one most accessib le to preventlive and

remedial action" we. not only agree but are inspired to go on with the

study of the extra-auditory physiological effects induced by noise.

As often stated: noise is the oldest, perhaps the most important, but

as such often not recognized, pollutant of our environment.

RECOMMENDATIONS MADE BY THE WHO

In their Environmental Health Criteria 12 on Noise (WHO 1980) The World

Health Organization came to the following recommendations:

Further studios should include:
(a) The identification of long-term health effects due to high

level industrial noise and lower level general environmental noise.
The potentional contribution of noise stress to the general mor-
bidity of the population, the ability of people to adapt to en-
vironmental noise, and the possibilities of noise-induced disease
must be established not only for the working population, but also
for the more vulnerable population segments, including the elder-
ly, pregnant women, people undergoing medication, particularly
with ototoxic drugs such as salicylates, quinine, and certain an-
tibiotics, and those generally under stress.

(b)..
(c) . .
(d) Longitudinal studies of communities exposed to major

changes in environmental noise to refine existing dose-response
(noise-annoyance) relationships and to include the effects of
adaptation and societal changes on public reaction to noise.
Attention should be given to the study of the response of spe-
cially vulnerable segments of the population.

The methods of study should be internationally uniform, as
far as is feasible, to allow pooling of data and broader inter-
pretation of the results.

This recommendations are in line with our discussions and considera-

tions.

As concerns international cooperation we can learn from some other noise

teams, e.g. on sleep. Supported by funds from the European Community seve-

ral institutes from different countries wor~ked close together with an

uniform design and had very 6ood results. The European Community already

supports an Institute in Germany and another in the U.K. for studies on:

Noise as a risk factor for cardiovascular morbidity. Such a study on a
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restricted theme might be very fruitful when done by more groups in several

countries under the condition that they cooperate intensively, work with

an uniform design and handle the data in the same way.

RECOMDENDATIONS

As conclusion a few recommendations on priorities for (a part of) the

future studies can be derived from the lectures and discussions in this

meeting.

1. There is need for a comprehensive model of sound as a source of human

stress to prevent methodological Inadequacies in further research.

2. In setting up new studies multifactorial design and elaborate statisti-

cal methods are necessary.

3. Concentration on a few topics, especially cardiovascular morbidity,

is recommended.

4. International cooperation has to be stimulated.

5. From a viewpoint of Public Health longitudinal epidemiological studies

have an high priority.
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I NTRODUCT ION

No clear association between exposure to noise and arterial hyper-

tension has as yet been established. An increase in the prevalence of

hypertension in persons engaged in noisy occupations was observed by

Kavoussi, 1973, Capellini, 1974, Manninen, 1979 and Raffi, 1980, whereas

Takala, 1977, Less, 1979, and Malchaire, 1980 found no variation.

This paper examines the question with particular regard to noise

characteristics and intensity levels.

MATERIALS AND METHODS

The study relates to 1488 male workers in v ie province of Como em-

ployed by the day or on two daily shifts in jobs requiring slight or

average physical effort, and not exposed to agents toxic to the cardio-

circulatory system.

Histories describing previous and present occupational tasks, length

of Service, civil registry data, standardised pleasure-giving habits,

and exposure to noise (if any), plus noise intensity and characteristics

were available for all subjects. Three groups were formed: 365 subjects

exposed t, continuous noise of more than 80 dB A; 436 exposed to impulse



noise of more than 90 dB A; 667 not exposed to industrial noise (Table 1).

The differences between the three groups were not statistically sig-

nificant.

ETA'
No MEDIA FUMO TURNI

___"_ ,,, . SI NO SI NO

RUMORE 385 37,6 235 150 143 242
CONTINUO

CONTROLLI 667 38,2 396 271 220 447

____________a U.3 I____

RUMORE 436 37,8 259 177 145 291
IMPULSIVO

TOT. 1488 37,97 890 598 508 980

Table 1 - Main characteristics of subjects exposed and not exposed to

noise.

The indications given by Coles & Rice (1970) were used to classify

the findings obtained with a Bruel-Kjaer Model 2209 phonometer. Blood

pressure was measured according to WHO criteria in the course of compre-

hensive occupational medicine and hygiene investigations. Hypertension

was diagnosed when the systolic pressure was 160 and/or the diastolic

pressure was 95 mm Hg.

RESULTS

The data for the three groups are shown in Table 2. They are also

related to age. There is a significant difference in the proportion of

hypertensives in subjects exposed to impulse noise, as opposed to those



not exposed to industrial noise (X2 = 17.65, one degree of freedom). This

was not the case in the continuous noise group. The differences between

the three age classes considered were significant in all three groups

(x2 = 27.91, 8.95 and 7.49 with 2 degrees of freedom for con tinuous

noise, impulse noise, and no noise respectively). The literature is

concordant on this point.

'11.A01._"X, DI ATA  I.A.

RUMORE IS 30 5
46 365

0.9 0,45 CONTINUO -"

>40 39

NON IS- 30 Is

03 $67 ESPOSTi 31-4 40 1

> 40 51

1,71 17,65 RUMORE ,, -,3 1 ,

104 436 IMPULSIVO 31-40 31

'U. 40 56

Table 2 - Distribution of hypertension in the three groups considered and

in function of age.

Table 3 illustrates the prevalence of hypertension in subjects ex-

posed to noise in function of their length of exposure and the ambient

levels concerned. In terms of duration of exposure, there was a signifi-

cant difference between the classes in workers exposed to continuous noise

(X2 = 11.97), whereas this was not the case with impulse noise. The oppo-

site was true with regard to prevalence and noise level. There was no

increase in function of noise level in subjects exposed to continuous

noise, whereas there was a distinct increase for impulse noise. The trend

was significant (X2 - 35.90-33.21 = 2.69).
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Table 3 - Distribution of hypertension in function of length of exposure

to continuous and impulse noise and its levels.

CONCLUSIONS

Our findings indicate that hypertension is distinctly more prevalent

in persons exposed to impulse as opposed to continuous noise. It is thus

caused not so much by noise in eneral as by a particular type of noise.

Subjects exposed to continuous noise, in fact, had no greater prevalence

of hypertension than those not exposed to industrial noise at all (12.46Z

as opposed to 13.94%). An association between exposure to continuous noise

and hypertension can possibly be spelt out of the significant increase in

hypertension in function of duration of exposure. This finding, however,

is an isolated datum. In addition, seniority at work is closely associated

with age, which is known to influence pressure levels. One is therefore

dealing not with a dose-response effect, but a consequence of aging. The

picture is very different in the case of impulse noise. Hypertension was

observed in 23.85% of this group, as opposed to 13.94 % in the controls.

As already stated, this difference is significant.

The relation between prevalence and sound level is of particular

interest. Prevalence increased in function of level at an almost constant

rate, as shown by the chi-square result for the trend. The absence of

significant differences in function of years of exposure in spite of

sligth increases suggests that hypertension begins early, and that both

67.4



the impulsive nature of noise and its level are primarily responsible.

The reversibility of hypertension in subjects exposed to impulse noise

is an open question. The impression gaines from repeated examination of

some subjects during long periods of repose was that a stable situation

exists. A better answer may be forthcoming from further studies of the

lorg-term effects of hypertension in a cohort of persons exposed to

impulse noise.
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Introduction

"Personality States are defined as transversal moments of short
length during the life of a person (Spielberger 1966-72). Personality

traits are generally defined as different individual tendencies
to react or to behave in a given way.

State anxiety has been defined to be a transitory state characterized
by feelings of strain and anxiety and by an increase in the activity

of the Autonomous Ner .uus System (ANS).

On the contrary trait anxiety is the possibility, which may be
different according to subject that a single person can experiment

anxiety states as an answer to situations of strain determined
by the social environment.

The subjects persons that appear to have a high trait anxiety

are more prepared to experience their relationship with other
people as a menace and to answer back with a significant and intense

state anxiety" (Pancheri P., Bernabei A. et all 1976).
Among non-auditory effects of environmentail noise, psychological

effects are those of more difficult approach, because they can

be measured only indirectly (trough the study of performance)

or subjectively (through, questionnaires).

According to Jansen (1959) the subjects that are exposed to a

higher level of noise have a higher emotional strain both at home

and at work (Broadent 1961, on the contrary, says that noise exposure
causes measurable changes. in psychomotory performances mainly

with reference to the personality of the subject under exam: the

subjects that have previously been diagnosed as anxious show greater

alterations of their performances as a consequence of noise exposure.

The aim of this report is that of examinating the existence of

a relationship between noise exposure and anxiety tract.

./.
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Matter and Methods

During a screening carried on by the Preventive Medicine Mobile

Unit of the FS ( Italian State Railways), 381 voluntary

persons (375 males and 6 females) aged from 20 to 60 years have

been examined.

They have been subjected to an audiometric test In silent cabin

with standard auditive stimulations for intensity and tone; after-

wards they have been evaluated according to the methods proposed

by Merluzzi (1976) which permits the subdivision in eight classes

(class 0 a no damage; classes from 1 to 5 m noise damage of increasing

entity; class 6 = transmissive-perceptive bradyacusic damage;

class 7 = transmissive bradyacusia (not caused by noise). Twenty-

six out of the 381 subject were not tested because of the presence

ofearwax; the resulting 355 (349 males and 6 females) have been

subdivided into three groups according to their task: workshop

workers (250); staff employed in train driving, engine drivers

(111), and office clerks.

For the quantity determination of the anxiety level we have used

the italian edition of the state and trait anxiety self-evaluetion

inventory STAI) by Spielberger (1981), that was applied individually

by means of a micro-computer VIC 20. Commodore which, duly programmed

gave us the evaluetion in real time.

For each subject we have reckoned points referring to trait anxiety

anA notintm referring to state anxiety; moreover we have assumed
that tne age bf the subjects is the index of their years of work

and consequently of their noise exposure, because the age of their
employment at the FS service first was homogeneans.
Aq fh. n,,mh.r of the female subjects was small (they have been

all included in the class 0) , we have decided to deal with our
data without any sex discriminations.

Pict.1

CL WO En.Dr. O.Cl. Tot. <35 36-45 >46 Tot.

0 154 65 9 228 103 84 41 228

1-5 67 43 5 115 15 25 75 115

6-7 9 3 - 12 2 3 7 12

Tot. 230 111 14 355 120 112 123 355

Pict.2 X SD X SD

CL N Trait Anxiety Sltt, AnxieAtv

0 154 36,61 6,4 37,65 7,63
Wo 1-6 67 38,18 8,2 37,62 8,08

6-7 9 39,9 10,6 36,77 4,77

0 65 34,85 6.96 36,96 7,32
9N. 1-6 43 34,35 1,6 37,04 4,91

Dr.6-7 3 35,67 4,1 38 1,412
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CL No Trait Anxiety State Anxiety

- SD - SD

Office x x

Clerks 0 9 36,66 8,84 36,88 9,87

1-5 5 41,4 7,17 39,2 7,47

6-7 - - -

0 103 34,68 6,4 36,36 7,03

Age <35 1-5 15 38,26 9,46 35,6 7,u3

6-7 2 47 9 43 0

36-45 0 84 37,27 7,92 38,33 8,53

1-5 25 35,6 8,15 38 8,09

6-7 3 47 9,27 36 4,55

0 41 36,9 8,59 38,02 7,39
>46 1-5 75 37,04 7,11 37,61 6,71

6-7 7 32,85 5,16 35,86 2,99

Total

Sample 355 36,41 7,71 37,39 8,25

Pict.3 Trait Anxiety State Anxiety

t p t p

FS.'83/Pancheri '76 4,3 0,001 3,29 <0,001

(1-5) (0) 0,95 n.s. 0,04 n.s.

(1-5) 35 (1-5) 36 0,61 " 0,99

0 35 0 36 2,55 <0,002 1,83

Workers/Eng.Drivers 5,14 <0,001 0,73

(0)/ (0) 1,74 n.s. 0,63

(1-5)" (1-5) 3,71 <0,001 0,46

Workers (0) (1-5) 1,38 n.s. 0,03

Engine Drivers (0) (1-5) 0,56 " 0,07

Results

The first analysis of the distribution of the sample subdivided according

to the qualification and, to the levels of noise damage (table 1)shows an e-

ven distribution of the auditory damage of the two principal component par-
ts (engine drivers and work rs),thus confirming the initial hypothesis of

an analogous exposition (X = 3,28,n.s.). Subdividing in bands of age the

whole sample we obtain a distribution as exposed in the right side of table

1; from this it is possible to notice asignificant different trend in all

bands,that is a decrease in state of auditory standard (class 0)in paral-

lel to the advancing age and the increase noise bradyacusie (class 1-5)

We have therefore anlysed the different incidence of the two components of

anxiety, of which table n.2 describes the arithmetic means and the standard
deviation for each group and undergroup,divided according to the working

qualifications and the bands age. Table n.3 shows the values of the compari-

son between the various groMP8 obtained using student's statistic test. In
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table n.3 wehave thus recapitulated all the figures obtained;on the first

line we have written the figures referring to the whole sample of subjects

aged under 35,comparing it with the analogous italian sample referring to

university students that is shown in Pancheri ('76).Both the parameters ha

ve shown to be inferior to the mean,being in concordance with the datum

that is present in literature about the influence of the cultural level in

this kind of tests.(Simon A,Thomas A,'83). No meaningful difference can be

noticed when we consider noise exposed bradyacusic subjects as a whole
(class 1-5 of Merluzzi) in comparison with the normal subjects (class 0).
While the analysis of the variance to a way ha shown a difference in the
three classes af age (t35, 36 + 45 , 46 ), an appropriate study with the

't' of student hasn't shown any significant differences in the bradyacusic

35,while,for the normal subjects, the difference of age has given signi-
ficant figures, showing an increase in the average levels of trait anxiety

as the age the subjects gets on. As regards the comparison with groups of

different qualification we have noticed that workers,on the whole , have

average levels of trait anxiety higher than engine drivers. If we then a-
nalise the single groups subdividing them according to their auditory sta-

te, we notice that while there is no difference among the normal subjects

(class 0), there, appears to be a difference in the bradyacusic people of

the two groups, being the workers in the trait anxiety significantly more
anxious than the workers. Within the groups the diffetent qualifications

haven shown meaningful differences when we 7onsider the auditory damage.
Conclusions - In a group of subjects with a significant and progressing

noise exposure and with ensuing braryacusia the average, levels of state

and trait anxiety don't seen to be correlated to it . Nevertheless it is

possible to point out some indicaticns about a greater association the qua

lification of the subjects (workers) the auditory damage ,and the high le-

vel of trait anxiety , which suggest the need for further search.
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NON-AUDITORY SYNERGISTIC EFFECTS INDUCED BY NOISE AND IN-

HALED CHLORORGAIC SOLVENT VAPOURS

H. Diehl, H. Braun, P. Kaschny, W.R. Schmidt, W. Schill

Biophysical Group, Fachbereich 1, Universit~t Bremen

INTRODUCTION

Noise pollution has been considered to be the highest risk

for occupational health. Noise induced hearing loss is the

mostly occurring professional disease and noise protection

precautions are based on this indicator. But nonauditory phy-

siological effects induced by noise so far have not been ac-

cepted as a harm to the same extent. One reason for this may

be that these effects are not highly specific with respect

to noise as the inductor, they are mediated by hormones and

may be caused also by other physical, psychological or social

stress situations.

As the non-auditory effects are involved with a series of

biochemical reactions, an interference with other biochemical

reactions resulting from other pollutions, chemical ones f.i.,

may occur. From industrial hygiene studies it is known that

those workers who are exposed to high noise levels are also

exposed to a higher mean concentration of atmospheric chemi-

cal pollutions than others workers. So one should look for

synergistic effects.

To evaluate synergistic effects, epidemiologic studies we

estimate are not well suited because unrealistic population
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numbers would have to be investigated in order to discriminate

between the effects of different pollutants and other kinds

of stress. So we constructed laboratory experiments with rats

where the synergistic effect is evaluated besides both mono-

ergistic effects and a control population. The both effectors

are stochastically applied noise-frequence-adapted to the rat

ear response - and the widely used organic solvent 1,1,1-

trichloroethane (TCE). In this study the effect on the liver

microsomal monooxygenase system is investigated. This enzyme

system is the main metabolizing site for a wide range of xeno-

biotica as drugs and carzinogens.

METHODS

We have built a simulation chamber with an inner volume of

18 m 3 (Figure 1). The walls are sound absorbing (55 dBA) and

O/iNR PRESSURE SIMULATION CHAMBER PNEUMATIC VALVES

-Q SAMPLE Ln
3 LB L LCOP

. Q:

Q- QILL LOO2
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IL/1 MPUPE FP E-ECRON -IL TER NOISE VALE HRMAOO
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L ENtERA TO CM~~

Figure 1:

Simulation chamber for the evaluation of synergistic noise

and chemical effects.
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are thermoregulated at the same temperature as the volume of

the chamber, because volatile chemicals should not condensate

at the walls. The chamber volume is passed by a stream of air,

which can be increased up to 1500 m 3/h. Temperature and humi-

dity can be varied within physiological ranges. The incoming

air passes one mechanic and one sterile filter, the waste air

passes a charcoal filter.

Within the chamber four boxes are installed each with a volume
3of 2 m . The boxes are isolated against each other and against

the rest of the chamber which serves as a lock chamber. On

safety reasons the whole chamber is under negative pressure

of about 6 mbar. In case of emergency a big exhaustor on line

with an emergency power plant cleans the whole chamber within

a few minutes.

The boxes K and K 2 are stochastically applied with an equiva-

lent white noise level of 90 dB related to the ultrasound hear-

ing frequency of the rat ear. The boxes K and K3 are equipped

with evaporators which sustain an atmosphere with 2000 ppm

(10 times the TLV-value) partial pressure of 1,1,1-trichloro-

ethane or chlorothene (i.e. technical TCE). The effectors

were applied 12 hours per day during 84 days. Then the rats

were killed, body, liver and kidney were weighed, liver micro-

somes were prepared according to standard methods and their

deethylation activity for 7-ethoxycoumarin was measured, which

is an usual test for the enzymatic activity of liver microsomes.

RESULTS AND DISCUSSION

The first results from three studies are given in tables 1-3.

In all three studies the rats in groups 2 and 4 (columns 2 and

4) have been exposed to noise as described under Methods. The

rats in groups 3 and 4 (columns 3 and 4) were exposed to 1,1,1-

trichloroethane in study 1 and to chlorothene R (i.e. technical

1,1,1-trichloroethane containing about 10 per cent additives)

in studies 2 and 3 as described under Methods. Group I (column

1) always is the control group. Each cross is the result from



one rat. A Kruskal-Wallis-Rank test has been performed. The

test-statistic H-value and the rank sums are given at the bot-

tom of the tables.
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Table 1 shows the relation of liver weight to body weight. Noise

pollution always increases this relation in the presence of the

chemical. The result is highly significant in study 2. The in-

crease cannot be stated between noise groups and control groups.
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No differences with respect to noise have been evaluated for

the relation kidney weight to body weight (not shown here).
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Table 2 shows the enzymatic activity of the liver microsomal

monooxygenase systemn. The results correspond to those from

table 1: In the presence of the chemical£', noise induces a

higher enzymatic activity, which is highly significant again

in study 2. No induction is induced by noise alone.
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Table 3 shows the total protein content of the rat liver micro-

somes. Noise pollution increases the protein content in the

presence of chemical pure TCE (study 1) but does not effect

further the higher levels of protein content in the presence

of the technical TCE which itself produces a higher protein

content with respect to controls (studies 2 and 3). Here also

the rats exposed to noise alone got no liver microsomal protein

increase compared to control rats.



Subjective and physiological response to intermittent noise.

T. Gjestland M. Nivison, H. Ursin, H. Nordby

ELAB Institute of Physiological Psychology
The Norwegian Institute of Technology University of Bergen, Norway

Noise exposure

The test persons were divided in three groups. Each group of 10 persons was assigned
a special exposure program with different mean inter-trial intervals

Group I ITI = 45 seconds
Group II ITI 3 minutes
Group Ill : ITI 10 minutes

The noise bursts had a duration of 4 seconds with a maximum level of 80 dBA. The
background level was 40 dBA. Each test seluence lasted 90 minutes. The total noise
exposure for each group corresponds to an equivalent level of:

Groupi : LAe q - 64 dBA
Group II L Aeq 58 dBA
Group Ill L Aeq 53 dBA

Test situation

Each test person was individually exposed to the noise stimuli. The person was
comfortably seated and instructced that this was an experiment concerning
physiological habituation to noise. The test person was not assigned any particular
intellectual task, but were allowed to read any "non-professional" material of their
own choise. The physiological parameters were directly recorded by a computer
throughout the experiment. Heart rate was measured by electrodes affixed to the
chest anc finger pulse amplitude and gavanic skin conductance was measured by
elect-cdes on the fingers of their "best hand" (hand used for writing).

At the end of the session the test subject was given a questionnaire and interviewed
about their subjectiv attitudes towairds the nosie stimuli.



Results

The test results are shown in figure 1-3. Skin conductance response and pulse volume
response is the average response for all 10 persons within each group for every 18
minutes. The heart rate response is the average response for a 10 seconds periode
after the stimulus onset for all stimuli within a test session.
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Discussion

This pilot test shows that for all 3 physiological parameters the largest response is
observed in group number 3 which received the smallest noise dose. The most
negative subjective response is also observed in that same group.
These facts prove that there is no simple correlation between the energy equivalent
continous A-weighted sound level, L A, and the assessment of noise annoyance for
this type of exposure. eq
For interrupted noise, like fly-overs or pass-bys, the inter-stimulus-interval (time
between noise events) is an important factor that must be taken into account when
assessing the total noise impact.
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MULTIPLE SKIN CONDUCTANCE RESPONSES TO AIRCRAFT NOISE WITH VARYING RECRUIT-
MENT TIMES

Hyge, S

The National Swedish Institute for Building Research, Gdvle, Sweden.

INTRODUCTION

Recruitment time, defined as the increase in noise level per unit time,

e.g. when discrete noise events from traffic or aircraft rise above the

background level and reach their peaks, has not been directly addressed in

human noise research. Standard noise indices, such as the mean energy level

(Leq) and what noise levels are exceeded certain percentages of the measure-

ment time (Lpn, where p is level and n is percentage), do not explicitly

consider degree of fluctuation in the levels, and its distribution in time.

Nor do noise and number indices or indices based on peak levels by themsel-

ves differentiate between recruitment times.

When changes in recruitment time increase the Leq-level or the Lpn of a

noise event, human reactions will also increase. However, when changes in

recruitment time are not accompanied by changes in Leq or Lpn, psychological

and psych-uhysiological theorizing around orienting-defensive reactions, as

originated by Sokolov (1963) would be of relevance (see Kimmel, van 01st &

Orlebeke, 1979 for further references). In that context a fast change in a

stimulus, e.g., a rapid increase in noise level, would cause a more pronoun-
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ced orienting teaction than a slow one. Given that the noise level reached

is sufficiently high, this would also cause a defensive reaction. Orienting

reactions habituate with trials, whereas defensive reactions do not. Thus we

have here a conceptual framework for predicting some effects of repeated

noise with varying recruitment times on human reactions. The present study

was designed to investigate such predictions.

A second objective of the present study was to find out whether a stan-

dard psychophysiological measure such as the skin conductance response (SCR),

which has been widely employed in orienting-defensive research (see Kimmel

et al., 1979), could be useful also in noise research.

METHOD

Thirty-two women and as many men in the age interval from 18 to 72 took
part in the experiment. Noise stimuli and their variations are depicted in
Figure 1. The eight different stimuli were presented two times each in ran-
domized blocks, and the first and last stimuli were the reference noise.
Noise stimuli were presented over loudspeakers against a broad band 50 dBA
noise. SCRs were recorded from fingers on the non-dominant hand, and scored
in six time intervals as shown in Figure 1.

No- I NO,.- 2

Peak to- l--

Io -- R,,.

Figure 1. Noisp stimuli and scoring intecva]s.

The subjects were in! tru-ted to rate the background noise as 25, and the
lijst aircraft noise to be presented (the reference) as 100 on a subjective
>nnoyance scale. The inter-trial interval was 160-240 sec, and noise ratings
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were taken after each trial.

SCRs in the six scoring intervals and annoyance ratings were transf,rmw'
to log fractions of that subject's maximum SCR or rating. The whole experi-
ment formed a dependent measure x noise pattern x peak level x sex factcrial
design with sex as the only between-subject variation, and was analyzed as
such in a multivariate analysis of variance (MANOVA).

RESULTS
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Figure 2. Means of SCR in interval 4 and annoyance ratings.

The MANOVAs were performed in two steps. First there was an inspection

of significant effects and orderliness of data over the six scoring intervals

and the annoyance ratings as dependent measures. From that inspection it was

concluded that interval 4 SCRs and the annoyance ratings could usefully be

analysed further. The results from that analysis are complex in therms of

higher order interactions. However, all significant effects can be subsumed

under four interactions: peak level x recruitment time, F(1,62) =7.09,P<.010,

noise pattern x recruitment time x dependent measure, F(1,62) =8.90,p<.004,

recruitment time x trial x dependent measure, F(1,62) = 7.1 9 ,p<.009 , and sex

x peak level x noise pattern x trials x dependent measure F(1,62) =6.27,p<.015.

In terms of the predicted effects of recruitment time, peak level and
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trials, follow-up Tukey tests indicated that interval 4 SCRs increased from

slow to fast recruitment time for Noise 1 (Tukey LSD(62) = .009, observed =

.022), which was not paralleled by Noise 2. Also, for the same interval 4

SCR there is an increase from trial 1 to trial 2 for slow (Tukey LSD(62) = .009,

observed = .020), but not for fast recruitment times. Thus the predictions

of the effects of recruitment time were not confirmed. Peak levels had a

highly significant main effect, F(1,62) =222.70,p<.001 and follow-up tests

indicated that peak level 90 resulted in more responding than level 80across

all orthogonal pairwise contrasts (Tukey LSD(62) = .028, all observed > .028.

For annoyance ratings there was a significant increase from trial 1 to trial 2

(TukeyLSD (62)=.011, all observed > .011), but not so for interval 4 SCRs.

CONCLUSIONS

Recruitment time does not seem to have a reliable effect upon human reac-

tions when Leq or Lpn are kept constant. Repetition of noise stimuli seem to

increase annoyance ratings, but not SCRs. SCRs are in some ways a useful de-

pendent measure in noise research.
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TRAFFIC NOISE AND HYPERTENSION. THE BONN TRAFFIC NOISE STUDY.

11. Neus, A.-W. von Eiff, H. Riiddel, W. Schulte

Dept. Internal Medicine, University of Bonn, 53 Bonn, F.R.G.

In animals noise was repeatedly found to induce hyperten-

sion (1-5). Similarly, in man the incidence of hypertension

was often found to be higher in noisy factories (6-10).

Our team has been working on the influence of environmental

noise (traffic noise and aircraft noise) on blood pressure.

These investigations were based upon the idea that essen-

tial hypertension results on two necessary conditions, name-

ly stress and genetic risk (11). In this respect, noise is

understood to be one possible stressor which could elicit

the pathogenetic development.

As a first approach, we contributed the medical part the

Interdisciplinary Munich Aircraft Noise Study (12). As re-

gards blood pressure, a definite relationship between noise

exposure and blood pressure could not be verified. But this

was because the subjects being least exposed to aircraft

noise deviated from the trend of increasing blood pressure

with increasing sound level. This result applied to both
sexes. However, due to the interdisciplinary analysis an

influence of the subjective noise reaction on diastolic

blood pressure was verified (13). In the Amsterdam Aircraft

Noise Study Knipschild (14) three years later described a

definite relation between the percentage of hypertensive

subjects and sound level.



In the years 1978-1980 we reinvestigated the problem in

Bonn, concentrating on road traffic noise which can be re-

garded to be the most dominant environmental stressor (15).

Subjects were screened from a complete list of the inhabi-

tants of two residential areas consisting of streets with

either extreme high traffic volumes resulting in an estima-

ted sound level of at least 66 dB (A) or a control area

(16). The control area has been chosen to be in close neigh-

borhood to the noisy area with the only condition that there

was no essential sound propagation from the noisy area and

only small traffic. By this the estimated noise exposure

was less than 51 dB (A) in this area. In both residential

areas about 500 subjects were interviewed. Age and sex

were equally distributed in both areas. The interviews were

conducted by means of a standardized questionnaire which

contained questions about medical history, especially on

treatment of hypertension. Furthermore, the subjects were

asked questions about noise exposure, noise attitudes (for

example noise sensitivity) Rnd tolerability of noise at

home. These items were based upon the questionnaire used

in the interdisciplinary study in Munich (12).

It was found that the incidence of treated hypertension was

higher in the noisy area than in the control area (22.8 %

vs. 14.6 %; p-0.002). Furthermore the longer young (20-40

years) male and female subjects lived in the noisy area,

the higher was the incidence of treated hypertension (p 4

0.05 for both sexes); this was not found for the control

area. While the first result established an association

between traffic noise and hypertension the latter one sug-

gests that there may be a causal relationship.

In part of the interviewed suoJeCtS (N-165) selected at

random, thorough clinical and experimental investiprations

were carried out. These investigations included experimental

traffic noise exposure (N-56 male subjects) and other emo-

tional and physical stress testings. The experimental traf-

fic noise had a duration of 30 minutes at 7? dB (A). (18).
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In keeping with the results of others (19) subjects with a

family history of hypertension exhibited enhanced vascular

reactions to noise exposure. This result supports the hy-

pothesis that traffic noise might be a risk factor for hy-

pertension especially in subjects with a genetic risk of
hypertension. Within the 30 minutes of noise exposure there

was no adaptation of the diastolic blood pressure response;

furthermore, there were no differences in the reactions to

noise between the residents of both areas. Thus, the vascu- N
lar reactions to noise exhibit a remarkable constancy and

no habituation which supports the hypothesis of a chronic

influence of noise on blood pressure.

However, at present there is no prospective study aiming

at the role of environmental noise for essential hyperten-

sirn. As a first step follow-up data were gathered in small

samples (N=28 and N=36) of normotensive paticipants of the

traffic noise study who did not move, 16 and 27 months after

the original investigation (20). In both investigations,

the residents of the noisy area exhibited greater increases

of diastolic blood pressure (5.1 mm Hg and 10.7 mm Hg;
p-0.035 and p=0.0O06) as compared to the control group.

This effect was about the same in both sexes. Therefore

there is increasing evidence for an pathogenetic influence

of environmental noise on blood pressure.

Further investigations were addressed to the question of

the role of subjective reactions to noise. In an experimen-

tal study (21) we found no correlation between the subjecti-

ve annoyance reactions to experimental noise and the reac-

tions of blood pressure; neither was there a relation bet-

ween noise attitudes or the tolerability of the traffic

noise experienced at home and the blood pressure response.

This study suggests that - at least under experimental con-

ditions- the reaction of blood pressure is inder adent from

these psychological factors. In order to further clarify

the possIble influence of these psychological variabl1 as

a moderator of the physiological response, we reanal: I
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the data of the epidemiological study (22). Restricting on

the inhabitants of the noisy area, no relation between the

psychological variables and incidence of treatment of hyper-

tension could be established. However, within the control

area those who rated the noise exposure as not tolerable

(about 50 % of these subjects) had a higher incidence of

t treated hypertension (p=0.007). A similar result was found

analyzing the follow-up data. From this we concluded that

it may be possible to cope with small stressors but that

there is no possibility to "escape" the influence of extreme

traffic noise exposure by psychological means.

Summarizing, the studies cited above give evidence that

environmental noise is a risk factor for essential hyper-

tension. A final remark should be made. The onset of essen-

tial hypertension usually is characterised by an increase

of cardiac output (23, 24). But the effect of noise seems

to envolve primarily vascular reactions, resulting in ele-

vated peripheral resistance and diastolic blood pressure.

The specifity of the noise effect on blood pressure is

further underlined by the fact that it applies to both sexes

while normally there is a protective mechanism in women

(25, 26). In future research this specifity should be

further clarified.
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NON-AUDITORY EFFECTS OF LOW FREQUENCY NOISE

Osguthorpe, J., Mills, J. and Osguthorpe, N.

Department of Otolaryngology, Medical University of South Carolina,
Charleston, S.C., U.S.A., 29425.

INTRODUCTION

The non-auditory effects of noise in mammals are mediated by the

sympathetic nervous system through catecholamine secretion and by hypo-

thalamo-pituitary stimulation of adrenocortical hormone release. Animal studies

suggest an acute elevation in the plasma level of these substances during loud

noise, and the development of hypertension under chronic exposure.

Generalizations from the animal to the human situation are not straightforward.

The meaning cognitively assigned to a noise can significantly modify the

response of humans. While a noisy environment may contribute to coronary

vascular disease, hypertension and gastrointestinal disorders, the data for

humans is contradictory and no general agreement exists.

MATERIALS AND METHODS

Thirty-five males (ages 18-22) were selected as follows: (1) hearing
threshold levels within 10 dB of ANSI-S3.6 from 125 Hz to 4.0 kHz, (2) good
health, and (3) reliability of audiometric measurements. A group of 18 were
exposed to 84 dBA of octave band noise centered at 63, 125 or 250 Hz for 24
hours. Due to prolonged temporary threshold shifts (TTS), exposure of a second
group of 17 at 90 dBA was limited to 8 hours. Four subjects taken from this 90
dBA group were confined for 24 hours without noise, and served as controls.

The subject's oral intake was regulated for 12 hours prior to noise exposure
and a standardized meal was served in the 4th and 10th hours of confinement. A
high fluid intake was maintained. Two subjects were observed per session, in a
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furnished apartment with a constant sound field (G I dB). The subjects usually
slept or read.

The effects of noise on the sympathetic nervous system were inferred from
measurements of heart rate (HR) and blood pressure (BP), and from the urinary
excretion of epinephrine(E) and norepinephrine(NE). HR and BP were recorded
by an automated blood pressure cuff system. Subjects voided I hour prior to
exposure, and then urine samples were collected at 0,1 and 2 hours. The urinary
output of each subject in the remaining 6 hours (90 dBA) or 22 hours (84 dBA)
was pooled and reported as a mean excretory rate. These were assayed for E and
NE by a modification of the fluorometric technique of Grout. Plasma cortisol
(C) was determined by radioimmunoassay from venipuncture samples obtained
just prior to noise exposure (9 a.m.) and then I and 24 hours later.

RESULTS

The auditory effects differed in certain aspects between 63, 125 and 250 Hz

noise, but no significant dissimilarites were observed in the physiologic para-

meters and the data herein represents an averaging across the 3 frequencies.

100-

g 0

- .......... .......

A -90d6
80O 14d A

.1J70- 0~ 0

00

I i I I , i

012 4 a 12 24

TI frm NE WSET N

Fig. I - MAP and mean HR of 90-dBA and 84-dBA groups during 8 or 24 hours in

noise, standard errors indicated at 0, 4 and 8 hours.

The mean HR and mean arterial pressure (MAP) of the 84 and 90 dBA

groups are shown (Fig. 1). Both the systolic and diasystolic parameters increased

in the 90 dBA subjects, with a 5 mm Hg rise in MAP between 0 and 8 hours.

Their mean HR fell 7 beats per minute between the 0 and first hour

measurements, and consistently rose thereafter towards the 0 hour level. In
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contrast, the 84 dBA group's MAP decreased 5 mm of Hg during the first hour,

and thereafter varied from 88 to 94 mm of Hg. Their mean HR ranged from a

high of 68 (meal) to a low of 58 (sleep), with no clear trend. The control group

(data not shown) demonstrated little change in either HR G± 5 BPM) or MAP G+ 2

mm Hg).

The urinary excretion of E and NE for the 1st, 2nd and mean of the4

remaining 6 hours (90 dBA) or 22 hours (84 dBA) in noise are shown in Table 1, as

normalized to the excretory rate of the pre-exposure hour. The lower mean E4

excretion for the final 22 hours of the 84 dBA subjects may reflect the depressed

excretion rate in their usual 9 hours of sleep. The 90 dBA subjects' final rate

does not contain any sleep-produced bias, and demonstrated little change. NE

excretion in the 84 dBA group increased slightly over the first 2 hours to 16%

above pre-exposure, but the mean of the remaining 22 hours differed from the

initial level by only 2%. In contrast, NE decreased in the 90 dBA subjects during

the first 2 hours to 22% below pre-exposure, and then stabilized for the

remaining 6 hours. The reason(s) for the contrasting 0 to 2 hour patterns

between the groups is not known. None of the trends noted in E and NE were

statistically significant.

Table I HOURS IN NOISE

0 1 2 Remainder
E &NE E -NE E - NE E -NE

Noise 84 dBA 1.00 .85 - 1.05 .97 - 1.16 .62 -. 98
Level-- -- - - -- - - -- - - -- - - -- - -- -- - -- - -

90 dBA 1.00 .69 - .82 .98 - .78 1.06- .82

Plasma C was measured just prior to noise exposure (9 a.m.), and then at I

and 24 hours of confinement. Nine of the 90 dBA subjects were restricted to the

cots for a "quiet hour" prior to the onset of noise, and their mean C decreased

6.75 ug/dI in that hour. During the first hour of noise exposure, the downward C
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trend was reversed, with 3 ug/dI mean increase in both the 90 dBA and 84 dBA

subject groups. The mean C was elevated in both the 84 (+2.91 ug/dl) and 90 dBA

(G6.02 ug/dl) groups 24 hours after the onset of noise. The 90 dBA subjects had

been out of the noise for 16 hours, but still exhibited a significant increase

(P .05) from the previous days' 9 a.m. sample.

CONCLUSIONS

The non-auditory effects of low frequency noise exposure in humans seem

consistent with those recently reported at higher frequencies. The changes

observed in this study are conservative as the only stressors were the constant

noise and 3 venipunctures. The potential for intermittent/unpredictable noise,

task demands and other distractions to increase these somatic responses has been

well documented in other studies. Whether the cortisol elevation in both the

noise groups, and the blood pressure trend of the 90 dBA subjects, would have

persisted or increased with repeated exposure is not known.
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NOISE SENSITIVITY AND PSYCHIATRIC DISORDER IN A COMMUNITY SAMPLE.

Stansfeld, S.A. I
General Practice Research Unit, Institutt of Psychiatry, London, England.

INTRODUCTION

In large field studies excessive noise exposure has not been demonstra-

ted to be a significant cause of mental illness. Noise sensitivity has been

associated with psychiatric disorder (Tarnopolsky & Morton Williams, 1980),

with neuroticism (Broadbent, 1972), and with predisposition.to depression

(Lindegaard & Nystrom, 1975). Pst studies of the association of noise

sensitivity and psychological disorder have either not examined representa-

tive population samples or have not used standardised measures of psycho-

logical disorder. These deficiencies were overcome in the present study by

interviewing a community sample of women of high and low noise sensitivity

followed up from the West London Survey of Noise and Psychiatric morbidity,

using the Present State Examination (Wing, 1974) to measure psychological

disorder.

MATERIAL AND METHODS

The sample of subjects interviewed in this study was drawn from the 1977
West London Survey of Aircraft Noise and Psychiatric Morbidity (see Tarno-
polsky & Morton Williams, 1980 for a full account of the method). The sample
was drawn from much of West London and was stratified into two major areas
of differing aircraft noise exposure using the Noise and Number Index (a
measure of aircraft noise devised and measured by the Civil Aviation Autho-
rity comprised of perceived noise intensity in decibels and frequency of
exposure to aircraft noise). The high noise zone close to Heathrow Airport
was exposed to greater than 45 N.N.I. while the peripheral low noise zone
was exposed to less than 45 N.N.I. The "self-report question" using a 3-
point scale and the "list of 7 annoying noises" derived by McKennell (1963)
from work by Bennett (1945) were used to define groups of highly noise sen-
sitive (HNS) and low sensitive (LNS) subjects from the 1977 sample in order
to maximise the expected differences between noise sensitive and insensi-
tive subjects. A sample of women between the age of 18 and 50 years, in
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1977, born in Britain, were interviewed excluding those with gross hearing
impairment.

Subjects were contacted through Social and Community Planning Research
and asked to cooperate in a study of health and the environment. All sub-
jects were interviewed at home by one interviewer (S.A.S.) who was blind to
the subject's noise sensitivity as measured in 1977. 16% of subjects ques-
tioned after the interview remembered that the previous interview in 1977
involved noise. The present interview began with questions about general
health and use of health services, then various physiological measures were
taken followed by the General Health Questionnaire and the Present State
Examination. The noise sensitivity measures were then taken beginning with
the self-report question and McKennell's list of annoying noises. This was
followed by a questionnaire containing 11 items drawn from Weinstein's
(1978) Noise Sensitivity Scale relating to concentration in noisy situations
tolerance of noise and desire for quiet and privacy and the Personal Sensi-
tivity section of the General Noise Questionnaire (Anderson, 1971) measur-
ing the interference of noise on the enjoyment of everyday activities.
These two longer questionnaires measuring noise sensitivity were included
to compare with the shorter McKennell and Self Report measures. Finally,
there was a section on annoyance followed by measurement of hearing
thresholds using a portable audiometer.

RESULTS
217 women fulfilled the study criteria, but 71 had moved out of the

study area. Of the remaining 94, 77 were successfully interviewed and 17

refused. The sample contained 34 low sensitives (16 in low noise, 18 in

high noise), and 43 high sensitives (23 in low, 20 in high noise) as mea-

sured in 1977. From 1977, low sensitives (LNS) were defined as those who

were both "less" sensitive on self-report and scored up to 2 on McKennell's

scale. High sensitives (HNS) were those who were "more" sensitive on self-

report and scored 5, 6 or 7 on McKennell's scale.

Association of the Noise Sensitivity measures

In 1980 the Self Report and McKennell measures were still strongly asso-

ciated (p<.001), particularly in high noise conditions. 66% of those an-

swering in 1980 gave similar responses to both sensitivity questions (irre-

spective of their response in 1977), and this percentage was higher (76%)

in the high noise area.

Self-report sensitivity was associated both with the Anderson's Personal

sensitivity (AOVA, F=9.78, d.f. 2, 74, p<0.001) and with the abbreviated

Weinstein questionnaire (ANOVA F=22.6, d.f. 2, 74, p<0.001). These

associations were not affected by noise zone.

The McKennell's list of annoying noises was associated with Anderson's

questionnaire (AMOVA, F=17.7, d.f. 2, 74, p<0.001) and correlated with the

Weinstein questionnaire (Pearson correlation coefficient = .6537 p<0.001).
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The Anderson questionnaire also correlated with the Weinstein questionnaire

(Pearson correlation coefficient -.6327 p<.001 where high negative

Anderson score = HNS).

Association between Noise Sensitivity measures and P.S.E.

Table 1 - P.S.E. mean symptom scores

Noise Sensitivity

Low Medium High ANOVA

McKennell 2.32 5.58 8.77 F=40.7 d.f. 2, 74 p<.001

Self-report 3.35 4.57 7.86 F=3.27 d.f. 2, 74 p<.05

McKennell (high noise) 1.62 4.67 9.84 F=10.1 d.f. 2, 35 p<.001

(low noise) 3.83 6.00 7.75 F=2.24 d.f. 2, 36 n.s.

Self-report (high noise) 1.82 3.80 8.95 F=6.66 d.f. 2, 35 p<0.01

(low noise) 5.22 6.50 7.00 F=0.16 d.f. 2, 36 n.s.

Mean P.S.E. symptom scores were significantly higher among HNS individuals

for both the McKennell and Self Report measures. This association was con-

firmed using the PSE "Index of Definition", a 9-point scale of the proba-

bility of a subject being a case of psychiatric illness. Two different

thresholds were employed, 5+ were possible cases, and 6+ were confirmed cases.

P.S.E. possible caseness was significantly associated both with HNS on

the McKennell list of annoying noises (X2 p<.001) and self report sensitivity

(X2 p<.05). A similar pattern was found for the other Noise Sensitivity

measures, the Anderson and the Weinstein Scales. The Anderson questionnaire

was significantly associated with P.S.E. possible caseness (ANOVA F=4.48

d.f. 1, 75 p<.038). High sensitivity on the Weinstein scale was also sig-

nificantly positively associated with P.S.E. possible caseness (ANOVA F =

7.864, d.f. 1, 74 p<.006). As there were only 6 confirmed P.S.E. cases in

this general population sample it was not surprising to find a non-signifi-

cant association with the noise sensitivity measures.

The associations between the P.S.E. and the self-report and McKennell

measures were also examined separately for the high and low noise areas.

These associations remained significant in the high noise area for both

P.S.E. symptom scores and possible caseness but lost significance in the

low noise area.

DISCUSSION

The association between noise sensitivity and psychiatric disorder has
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been confirmed using both P.S.E. mean symptom scores and index of defini-

tion. Consistent association between the four measures of noise sensitivity

supports the evidence for noise sensitivity as a distinct entity and the

association of the Weinstein and Anderson noise sensitivity measures with

the P.S.E. measures adds weight to the findings with the McKennell and Self

Report. In a general population sample noise sensitivity might be expected

to be related to minor symptoms of anxiety and depression as was found

rather than with confirmed psychiatric caseness.

The differential association with the P.S.E. between high and low noise

areas may be explained two ways. Subjects exposed to high noise showed

greater consistency in their self assessment of noise sensitivity (as

evinced by more consistent association of the noise sensitivity measures)

than subjects in low noise and as such their assessments of noise sensiti-

vity may be more accurate than those in low noise.

Secondly, these results would fit with the hypothesis that high noise

exposure leads to the expression of psychiatric symptoms of depression and

anxiety in highly noise sensitive subjects; subjects in the low noise area,

despite their high noise sensitivity, would not be expected to demonstrate

this association with psychiatric morbidity. This study lends support to

the general hypothesis of stress (noise) acting on a predisposed, vulnerable

individual (highly noise sensitive) to cause psychiatric morbidity.
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INFLUENCE OF INDUSTRIAL INFRASONIC NOISE ON NERVOUS SYSTEM.

Szelenberger, W., Konarska, M., Augustynska, D.

and Pochrzst, B.

Central Research Institute of Labour Protection, Warsaw,

Poland and Department of Psychiatry, Division of Electro-
encephalography and Clinical Neurophysiology, Medical
Academy, Warsaw, Poland.

INTRODUCTION

Most investigations concerning the influence of infra-

sound on man has been performed with the infrasonic noise

of arbitrarily chosen parameters. The aim of our study wao

to measure varoius psychophysiological data in humans during

the exposition to infrasonic noise, with parameters beeing

possibly close to those eccountered in natural work condit-

ion in industry.

MATERIAL AND METHODS

In our experiments participated 10 healthy paid volun-

teers in age from 20 to 29 years. All of them a written
instruction were given and no other comments were supplied
during the experiment. All the participants filled in
Eysenck Personality Inventory /EPQ/.

The infrasonic noise was tape-recorded in a factory in
Warsaw. The source of the noise was an air-compressor. The
record was then replayed in the infrasound cabin in our
laboratory. /Fig.l/. The cabin /200x120x!O cm/ was built of
20 mm hardboard plates. The infrasound was generated by six
low-toneloudspeakers of 360 Watt total power. The cabin was
provided with an air-condition, intercom, microphone, elec-
trode-board for Grass- polygraph, light, swith of the amp-
lifier and a window. The subjects were placed in an armchair
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in an comfortable position. Before and after each experiment

a tonal threshold audiometry and brain stem auditory evoked
potentials were performed. Moreover in six subjects blood
samples for free fatty acids were taken. Each experiment las-
ted 1 hour. After 50 min. subjects were asked to perform a
psychological test for eye-hand coordination /a labyrynth/
then 30 reaction times were measured. During the whole ex-
periment following parameters were recorded: electrocardio-
gram /lead I/, electroencephalogram /Cz-0z, Cz-Al, Cz-A2/
and skin temperature. Artifacts were controlled by means of
recording signals from 10 kOhm resistor, placed on the head
and connected to the amplifier similarily like EEG leads.
Each subject participated in two experiments with 1 hour rest
outside the cabin. In one experiment subjects were exposed to
infrasound in the other they were sitting in silence. The se-
quence of experiments were changed in order to exclude the
influence of fatigue. All the measurement in silence and du-
ring the exposition to infrasound then were compared.

dE
120 loHz

110

90_

2 6.3 20 63 Hz
Fig. 1 - Spectrum of infrasonic noise recorded in the

factory - thick line, and replaye in the labo-

ratory - shaded area.

RESULTS

There was no relationship between personality question-

naire scores and other results. In 7 subjects after the expo-
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Fig. 2 - Level of free fatty acids in 6 subjects and me
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infrasonic noise.

sition to the noise a slight threshold shift /TTS/ was consi-

dered in audiogram /from 5 to 10 dB/. Brain stem auditory

evoked potentials did not differ in any case. In 5 subjects

the level of free fatty acids in blood was increased after

the exposition to the noise /mean increase - 37%/. /Fig. 2/.

Only in one person it was decreased after exposition, but

just this subject fell asleep during this experiment /sleep

stage 4 as revealed by EEG record/. This was the only case of

sleep during the exposition to the noise. However sleep was

observed in 3 subjects in silence. EEG record did not reveal

any difference between silence and the noise. Heart rate did

not differ in noise and silence. It was only increased in some

persons during the psychological testing. Skin temperature de-

creased during the exposition to the noise in 8 subjects. In

silence it decreased only in 4 subjects. Reaction time in-

creased in all subjects during the exposition to the noise.

In 8 persons it was highly significant. MeLa ncreasing of
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the reaction time for the whole group was 366 ms which was

highly significant /t=5.3 p .001/. In silence the reaction

time was different from person to person but in the whole

group it was only slightly decreased. The test for eye-hand

coordination did not reveal any difference.

CONCLUSIONS

Our results did not show any changes specific for infra-

sound. TTS was only slight, but it was also observed by oth-

ers /Nixon and Johnson 1973/. The decrease of skin tempera-

ture was reported by Wysocki et al. /1980/. The increase of

the reaction time was yet reported by Leventhall /1973/.

Our conclusion is in accord with Borredon /1980/ that the

influence of infrasound is nonspecific and depends on action

of neuroypophyseo,adrenal function.
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EFFECTS OF NOISE ON THE CARDIOVASCULAR SYSTEM: APPRAISAL
OF EPIDEMIOLOGIC EVIDENCE.

Thompson, S.J.

Department of Epidemiology and Biostatistics, School of
Public Health, University of South Carolina, Columbia,
South Carolina, USA

INTRODUCTION

Studies of the extra-auditory health effects of noise

have been contradictory. The major objectives of this

analysis were (1) to critically evaluate the extant world

literature as to whether or not long-term exposure to noise

is detrimental to cardiovascular health and (2) to make

recommendations for future epidemiologic studies of the

effects of long-term noise exposure on the cardiovascular

system.

MATERIAL AND METHODS

After a careful search of the international literature,
36 studies reported in English language journals and 47 in
the non-English literature were critiqued independently by an
epidemiologist, audiologist, and cardiologist. Major conclu-
sions were derived by the review team and consultants. Noise
factors considered were description, instrumentation,
measurement environment and procedure, and quality of data
about subjects. Cardiovascular effects were judged by the
quality of diagnostic criteria used, documentation of pre-
existing disease and the natural course of the health/disease
state. Epidemiologic criteria included adequacy of study
design, sample size and statistical analysis; strength of the
association; temporal relationship of noise to health
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outcomes; evidence of a dose-response; and control of con-
founding variables. Problems identified included inability
to document direct noise exposures of individuals; failure to
describe cumulative long-term exposure; use of widely varying
noise levels; failure to use standard blood pressure (BP)
measurements and to report the full distribution of BP;
failure to use multiple regression and adjustment techniques
to account for strong risk modifiers and confounders.

RESULTS

Three major findings emerged from the literature analy-

sis. Firstly, studies to date are inadequate for establish-

ing cause-effect relationships and for estimating the risks

of cardiovascular disease due to noise exposure. Of the 83

studies, 66 were cross-sectional in design, providing the

weakest evidence from which to infer cause since it was not

possible to determine that noise exposure preceded an in-

crease in BP or the onset of disease. Overall, the studies

were of relatively poor quality.

Secondly, the strongest evidence of an association, if

one exists, is between exposure to high noise and elevated

BP. No specific patterns of response to noise emerged from

studies of heart rate, cholestetol and B-lipoproteins,

electrocardiographic changes and cardiovascular disease death

rates. Two of three prospective studies showed no associa-

tion between noise exposure and elevated BP. The cross-

sectional studies were consistent (44 of 55) in finding

elevated BP to exist among persons exposed to high noise.

However, the differences in mean systolic blood pressure

between the high and low noise groups were small (about 5-10

mm Hg) with non-English studies consistently reporting the

larger differences. Prevalence ratios for hypertension
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between the high and low noise groups ranged from 1.6 to 2.8

(to 6.4 for special groups). No study was identified which

allowed a reasonable estimate of risk based on incidence data.

Seven studies suggested a dose-response relationship between

noise exposure and BP changes; five research teams reported

an increase in prevalence of hypertension with an increase in

length of employment. The literature offered little and con-

flicting evidence as to the influence of hearing protection

on the reduction of the effects of noise on BP. One re-

searcher reported that hearing protection reduced the daily

noise level by 10-16 decibels (dB). At a mean exposure to

noise of 95 dB, the systolic BP of subjects working without

hearing protection was higher by almost 7 nun Hg than when

the same subjects worked with ear protection.

Finally, it was determined that the body of data pro-

vides sufficient evidence to support further research of the

effects of noise on the human cardiovascular system, espe-

cially the effects of long-term exposure to high noise on

blood pressure.

CONCLUSIONS

Recommendations for future epidemiologic research of the

effect of noise on the cardiovascular system include:

(1) priority should be given to designs which offer the

strongest evidence for causal associations such as synthetic

retrospective-cohort studies in occupational groups exposed

over long periods to high noise, large retrospective-cohort

studies with continued followup in groups exposed to varying
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levels of industrial noise and with followup in selected

samples of the general population, and randomized inter-

vention trials in industrial settings. (2) Future studies

should estimate required sample sizes in advance, control

for confounding variables and adopt sophisticated analytic

techniques currently available. A position paper on

statistical methods for noise research should be developed

with consideration given to the application of Mantel-

Haenszel procedures, regression/covariance analysis, logistic

analysis and Cox's proportionate hazards model (which allows

for use of followup data of varying lengths of time for dif-

ferent individuals) to noise effects data. (3) Any large

scale study should be preceded by an indepth planning phase.

(4) Collaboration of scientists among countries should be

encouraged to increase the sharing of ideas and to reduce

time required for new techniques to be applied in noise

effects research.
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